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Abstract 

Several  goodness-of-fit  tests  such  as  the  Kolmogorov-Simirnov  and  the  Kuiper 
are  studied  for  the  Cauchy  distribution  with  the  unknown  location  and  scale  pa¬ 
rameters.  The  parameters  are  estimated  by  maximum  likelihood  estimation.  Monte 
Carlo  simulation  studies  were  performed  to  calculate  the  critical  values  for  standard 
Kolmogorov-Simirnov  and  the  Kuiper  tests.  Then  a  reflection  technique  is  intro¬ 
duced  and  the  critical  value  tables  are  calculated  for  both  the  Reflected  Kolmogorov- 
Simirnov  and  the  Reflected  Kuiper  tests.  Several  sequential  tests  are  performed  by 
combining  standard  Kolmogorov-Simirnov  and  Kuiper  in  one  test,  standard  Cramer- 
von  Mises  and  the  standard  Kuiper  in  the  other  and  Anally  the  reflected  Cramer- von 
Mises  and  the  standard  Kuiper  in  the  last  one.  The  computed  critical  values  are 
then  used  for  testing  whether  a  set  of  observations  follows  a  Cauchy  distribution 
when  the  scale  and  location  parameters  are  not  known  and  to  be  estimated  from  the 
sample.  The  Monte  Carlo  simulations  used  50000  repetitions  for  sample  sizes  of  5 
through  50  with  increament  of  5.  Throughout  the  study  the  location  parameter  is 
taken  as  0  while  the  scale  parameter  is  kept  at  10. 

Power  studies  corresponding  to  each  case  are  done  and  the  results  are  presented 
in  tables.  The  power  studies  are  performed  for  sample  sizes  5  through  50  and  for 
a  =  0.01,  0.05,  0.10,  0.15,  0.20  for  the  standard  and  the  reflected  tests.  For  sequential 
tests  power  studies  have  been  accomplished  for  all  of  the  significance  level  produced 
by  combining  two  individual  tests  at  form  a  =  0.01  to  0.20  with  the  increament  of 
0.01.  The  Kuiper  test  turns  out  to  have  an  overwhelming  power  against  all  distri¬ 
butions  in  standard  case.  The  reflection  technique  gives  an  amazing  improvement  in 
the  power  against  symmetric  distributions.  The  reflected  Kolmogorov-Simirnov  has 
the  same  power  as  the  reflected  Kuiper  test.  Sequential  tests  give  interesting  results 
depending  on  the  combination  of  the  individual  tests. 
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SEVERAL  MODIFIED  GOODNESS-OF-FIT  TESTS 


FOR  THE  CAUCHY  DISTRIBUTION 
WITH  UNKNOWN  SCALE  AND  LOCATION 

PARAMETERS 

I.  Introduction 

Big  organizations  such  as  big  factories  or  the  Air  Force  always  need  to  analyze 
their  systems  or  subsystems  to  improve  the  efficiency  and  production  level  along 
with  the  quality.  They  try  to  reduce  the  harmful  results  caused  by  the  inappropriate 
analysis.  Since  such  organizations  face  with  complex  and  analytically  hard  problems, 
they  need  to  employ  statistical  or  simulation  techniques  rather  than  mathematical 
formulations.  In  fact,  simulation  and  statistics  are  hard  to  separate  when  it  comes 
to  complex  systems,  because  one’s  output  usually  appears  to  be  the  other’s  input. 
The  basic  step  in  the  analysis  of  a  complex  system  is  to  model  the  system  parts. 
Usually  the  parts,  the  whole  system  or  the  processes  can  be  modeled  by  one  of  the 
known  statistical  distribution  functions. 

At  this  stage,  some  data  derived  out  of  the  system  serve  as  a  reference  to  decide 
which  distribution  could  model  the  system  in  the  best  way.  The  data  is  taken  under 
some  statistical  processes  and  then  the  distribution  which  can  model  the  system 
is  determined.  Thus,  the  problem  becomes  to  test  how  well  the  sample  fits  to  a 
hypothesized  distribution.  If  a  reasonable  result  is  observed  then  the  analysis  can  be 
carried  on  using  that  specific  distribution  as  the  model  of  the  system  part.  Otherwise 
one  could  search  for  a  better  distribution. 

The  statistical  test  which  checks  if  the  hypothesized  distribution  fits  to  the  sam¬ 
ple  data  is  called  goodneas-of-fit  (GOF)  test  [37:1].  Basically,  GOF  tests  measure  the 
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agreement  between  observed  sample  data  and  a  theoretical  statistical  distribution. 
There  are  different  types  of  goodness-of-fit  tests  and  test  statistics  proposed  so  far. 
Among  those,  the  most  common  tests  are  the  Chi-squared  (x3)  and  the  Kolmogorov- 
Smimov  ( KS )  tests.  Besides  these,  Anderson-Darling  (AJ)  and  Cramer-von  Mises 
(CM)  are  the  other  famous  GOF  tests  [20:382:392].  In  general  GOF  tests  are  sepa¬ 
rated  into  two  categories  :  (a)  completely  specified  and  (b)  the  modified  goodness-of- 
fit  tests  [40:115].  In  the  completely  specified  tests,  the  true  values  of  the  parameters 
of  the  hypothesized  distribution  are  known  while  in  the  modified  GOF  tests  the  pa¬ 
rameters  have  to  be  estimated  from  the  data.  “If  one  foolishly  used  tables  for  the 
completely  specified  case  when  the  parameters  are  estimated  then  the  actual  error  is 
much  smaller  than  the  specified  value  so  strongly  biasing  the  test  towards  acceptance 
that  it  is  almost  equivalent  to  accepting  H0  without  testing”  [40:115].  Here  the  null 
hypothesis  is 

Ha  :  The  Xi's  are  i.i.d.  random  variables  with  the  distribution  function  F(x). 

Therefore,  in  the  modified  goodness-of-fit  tests  the  parameter  estimation  gains  im¬ 
portance.  Although  there  exist  many  different  estimation  techniques,  one  require¬ 
ment  to  make  the  GOF  test  tables  useful  is  to  have  invariant  estimators.  For  this 
reason,  the  method  of  maximum  likelihood  has  been  recommended  by  many  statisti¬ 
cians.  The  likelihood  function  tells  us  how  likely  the  observed  sample  is  as  a  function 
of  the  possible  parameter  values.  Maximizing  the  likelihood  gives  the  parameter  val¬ 
ues  for  which  the  observed  sample  is  most  likely  to  have  been  generated,  that  is,  the 
parameter  values  that  agree  most  closely  with  the  observed  data  [8:247-248]. 

1.1  Background 

The  Cauchy  distribution  is  one  of  the  interesting  continuous  distributions.  Be¬ 
cause  it  has  no  mean  and  variance  theoretically  and  therefore  the  Central  Limit 
Theorem  is  not  applicable  to  this  distribution  [22:251-252],  The  Cauchy  gains  its 
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importance  by  giving  a  good  approximation  to  the  normal  distribution.  Besides,  in 
physics  and  the  nuclear  theory  it  has  very  wide  applications  [22:276].  On  the  other 
hand,  the  Cauchy  distribution  can  model  some  economic  concepts  which  require 
heavy-tailed  symmetric  distributions  and  that  cannot  be  handled  by  the  normal  ac¬ 
curately  [9].  These  different  application  areas  make  the  Cauchy  distribution  valuable 
and  worthwhile  to  examine.  Especially  in  the  70’s,  different  studies  on  the  Cauchy 
distribution  have  been  accomplished  mostly  focusing  on  the  proper  estimation  meth¬ 
ods. 

The  maximum  likelihood  estimators  (MLE)  were  believed  to  have  multiple 
roots  or  end  up  with  local  maximas  [4].  Therefore  different  estimation  methods 
were  proposed.  Weiss  and  Howlader  studied  on  the  linear  estimation  method  for 
the  location  parameter  and  came  up  with  a  coefficient  table  [38].  Spory  computed 
the  coefficients  for  the  best  linear  invariant  estimation  of  the  location  and  the  Beale 
parameters  [34].  Koutrouvelis  proposed  a  method  for  the  estimation  of  the  location 
and  the  scale  parameter  using  empirical  characteristic  function  [19].  Howlader  and 
Weiss  modified  the  Bayesian  estimation  and  came  up  with  the  estimates  comparable 
with  MLE  [15].  Higgins  and  Tichenor  used  windows  estimates  [13]  and  concluded 
that  window  estimates  appear  to  have  high  efficiency  for  moderate  and  large  sample 
sizes  for  specifically  the  Cauchy  distribution  and  in  general  for  the  heavy-tailed  dis¬ 
tributions  [14:164].  Bai  and  Fu  proved  that  the  MLE  of  location  parameter  converges 
to  true  parameter  as  opposed  to  the  belief  that  the  Cauchy  is  a  possible  example 
for  the  failure  of  maximum-likelihood  method  [3:140].  Haas,  Bain  and  Antle  gave 
iterative  equations  to  compute  MLE’s  [11:404]. 

In  the  literature  there  has  been  a  few  studies  on  the  goodness-of-fit  tests  for 
the  Cauchy  distribution.  One  study  was  done  by  Stephens  in  1990  [36].  He  used 
weighted  order  statistics  in  estimation  of  the  parameters.  The  test  statistics  he  used 
for  the  study  were  Anderson  Darling,  Watson  and  Cramer-von  Mises  statistics.  He 
presented  a  percentage  point  table  for  these  statistics  but  didn’t  employ  a  power 
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study.  Another  study  was  accomplished  by  Ocasio  as  a  master’s  thesis  [26].  He  used 
Kolmogorov-Smirnov,  Anderson-Darling,  and  Cramer-von  Mises  test  statistics  and 
also  presented  a  power  study.  He  concluded  that  the  Kolmogorov-Smirnov  test  is  the 
most  powerful  among  those  three  for  any  sample  size  [26:35].  The  latest  study  was 
accomplished  by  Moore  and  Yen  [23].  They  applied  Cramer-von  Mises  and  Anderson- 
Darling  tests  to  the  Cauchy  distribution  and  employed  the  reflection  technique  which 
is  fairly  new  technique.  They  present  the  critical  value  tables  for  both  cases  of  the 
tests.  Moore  and  Yen  also  accomplished  a  power  study  and  presented  the  results. 

1.2  Problem  Statement 

The  powers  of  the  previously  done  GOF  tests  for  the  Cauchy  distribution  are 
not  too  high  due  to  the  method  of  estimation  of  the  parameters  and  the  EDF  statis¬ 
tics  used.  We  suggest  an  appropriate  choice  of  the  estimation  method  along  with 
the  EDF  statistic  could  result  with  a  high  power  goodness-of-fit  test.  Specifically, 
it  is  believed  that  using  MLEs  and  Kuiper  statistic,  a  powerful  test  can  be  gener¬ 
ated.  Besides  a  new  technique,  reflection,  can  improve  the  power  against  symmetric 
distributions.  On  the  other  hand,  the  combination  of  two  tests  which  is  known  as 
omnibus  test  might  give  some  relative  improvement. 

1.3  Scope 

The  purpose  of  the  research  is  to  apply  Kolmogorov-Smirnov  statistics  and 
Kuiper  to  derive  accompanying  critical  values  and  make  a  power  study  for  the  com¬ 
parison  of  different  methods.  The  critical  values  for  the  KS  test  have  already  been 
derived  by  Ocasio.  But  this  research  intends  to  improve  the  accuracy.  On  the  other 
hand  for  both  tests,  the  new  technique  will  be  applied  and  the  accompanying  critical 
value  tables  will  be  derived  along  with  the  power  studies.  The  last  intention  of  this 
study  is  to  look  at  couple  of  different  sequential  tests  and  their  behavior. 
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1.4  Overview 

The  second  chapter  includes  an  extensive  introduction  of  the  Cauchy  distribu¬ 
tion  and  detailed  discussion  of  the  proposed  estimation  methods.  Chapter  3  intro¬ 
duces  goodness-of-fit  tests,  Monte  Carlo  analysis  and  some  basics  of  Monte  Carlo 
analysis  such  as  random  number  generation.  Chapter  4  gives  a  detailed  explanation 
of  the  methodology  used  in  this  study.  The  results  are  presented  in  Chapter  5  as  ta¬ 
bles  and  graphs,  and  some  analysis  is  presented.  Chapter  6  lists  the  highlight  of  the 
results  and  includes  some  future  study  topics.  Sample  computer  codes  for  all  differ¬ 
ent  tests  and  the  power  studies  are  presented  in  the  Appendices.  Also  the  complete 
tables  and  graphs  of  the  sequential  test  results  are  presented  in  the  Appendices. 
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II.  Cauchy  Distribution 


2.1  Distribution  Function 

The  Cauchy  distribution  is  a  special  form  of  the  Pearson  Type  VII  distribution 
[17:154].  On  the  other  hand,  it  is  also  a  member  of  t-family  which  has  1  as  the  degrees 
of  freedom  [22:277].  It  is  symmetric  around  the  location  parameter  and  looks  like 
the  normal  except  for  the  heavy  tails.  The  probability  density  function  and  the 
cumulative  distribution  function  are  given  respectively  as 

/(l)  =  )* )  (1) 

F(*)  =  J  (2) 

where  A  and  ip  are  the  location  and  scale  parameters  respectively  [17:154]. 

2.2  Characteristic  Function 

The  stable  distributions  except  for  the  normal  which  is  a  special  case  can  not  be 
written  explicitly.  Instead,  they  are  explained  with  characteristic  functions  [9:275]. 
One  definition  for  the  stable  distribution  is  that  “if  X  and  Y  are  two  random  variables 
having  the  same  distribution  function  F(.),  then  if  F(.)  is  stable  the  sum  of  X  +  Y 
will  also  have  a  distribution  function  F(.)”  [9:283].  As  will  be  explained  later  in 
this  chapter,  the  Cauchy  falls  into  this  group.  Even  though  there  exists  an  explicit 
form  for  the  Cauchy,  the  following  characteristic  function  can  be  used  in  some  cases 
[19:205] 

<p(t)  =  (3) 
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2.3  Properties 


The  Cauchy  distribution  has  some  unusual  properties.  First  of  all,  it  does 
not  posses  any  finite  positive  moments  [17:154].  Meyer  showed  that  the  mean  is 
indeterminate,  so  does  not  exists.  The  second  moment  is  infinite,  so  the  variance 
cannot  be  explained  [22:251-252].  Besides  there  is  no  way  to  explain  the  skewness 
and  kurtosis  explicitly  which  are  the  functions  of  the  third  and  the  fourth  moments 
respectively. 

As  another  result  of  having  no  finite  mean  and  variance,  the  Cauchy  doesn’t 
have  a  standardized  form.  But  usually  standard  form  for  this  distribution  is  obtained 
by  assigning  0  and  1  to  A  and  ip  respectively  [17:156].  Doing  so,  the  standard  pdf  is 


/(*) 


1  1 
ff  1  +  x2 


(4) 


and  the  cdf 

^(*)  =  \  +  ^  arctan(«)  (5) 

One  of  the  main  feature  of  the  Cauchy  which  differs  it  from  the  others  is  that 
the  Central  Limit  Theorem  is  not  applicable.  Kotz  derived  the  pdf  of  the  sum  and 
the  mean  of  n  independent  Cauchy  variables  using  the  characteristic  function  (3). 
Then  the  characteristic  function  of  Sn  =  £"=1  X{  is 


So,  the  mean  of  two  Cauchy  variables  is  again  Cauchy-distributed  with  the  same  A 
and  ip  value  as  each  Af,-.  And  the  sum  has  a  Cauchy  distribution  with  A  =  £"=1  K 
and  ip  =  Y^i'Pi  [17:156].  Therefore,  the  Cauchy  is  a  stable  distribution. 

The  Cauchy  distribution  gives  a  good  approximation  to  the  normal  distribu¬ 
tion.  But  it  has  longer  tails  than  the  normal  has.  This  is  shown  clearly  in  Figure 
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Figure  2.1  Comparison  of  C(\  =  Q,ij)  =  1)  and  N(fi  =  0,<r  =  1) 

2.1  where  the  same  location  and  the  scale  parameters  (0  and  1  respectively)  were 
assigned  to  both  distributions. 


2.4  Order  Statistics 

Kotz  gives  the  summary  on  the  order  statistics  of  a  Cauchy  sample.  For  the 
Cauchy  variables  Xi,Xi}X3,  ...,Xn,  the  corresponding  order  statistics  are  X[  < 
X'%  <  X£  <  ...  <  X'n.  The  probability  density  function  of  these  order  statistics  is 
given  by  Kotz  as  [17:157] 


.  .  Tl!  .1  1  .25  A..* i/l  1  .25  A..- 

p*tx)  =  !(s + i arctan(— »  2  - ; “ctm(— » 


■'( 


+  (V)2 


r) 
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Prom  the  pdf  above,  the  variance  equation  is  derived  as  follows 

Var(Xl)  =  ^V(^)(l  -  ^)cosec4(^) 
n  n  n  n 

The  expected  values  of  the  first  and  the  last  order  statistics  are  infinite.  So  are  the 
variances  of  the  second  and  the  second  from  the  end. 

2.5  Parameter  Estimation 

Since  estimation  of  parameters  have  a  great  importance  on  specifying  distri¬ 
butions,  in  the  literature  there  exist  a  large  amount  of  studies  on  the  methods  of 
parameter  estimation  for  the  Cauchy  distribution.  Unlike  the  most  known  distri¬ 
butions,  one  famous  estimation  technique,  method  of  moment  estimation,  is  not 
applicable  to  the  Cauchy  distribution  due  to  the  lack  of  finite  moments.  On  the 
other  hand,  since  it  is  a  symmetrical  distribution  and  gives  a  good  approximation 
to  the  normal  distribution,  one  could  think  of  X  as  an  estimator  of  A  which  is  the 
location  parameter.  But  as  explained  before,  X  has  no  more  information  than  any 
single  Xi.  But  instead  Kotz  states,  “The  simple  form  of  the  cumulative  distribu¬ 
tion  function  makes  it  possible  to  obtain  simple  estimators  by  equating  population 
percentage  points  (quantiles)  and  the  sample  estimators  thereof’  [17:158].  Based  on 
this  idea,  he  derives  the  general  formulas  for  the  estimators  of  A  and  ip. 


A  =  \(X,  +  X,.,) 

(6) 

1 

(7) 

i>  =  ~(XP  -  Xi-P)tan(ir(l  -  p)) 

where  Xp  is  the  pth  percentile  and  p  >  0.5. 

Kotz  also  concluded  that  the  median,  Xo.s,  gives  an  unbiased  estimation  for  A. 
It  has  become  standard  to  pick  p  =  .75  for  the  estimation  of  ip  [17:158].  However, 
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later  studies  showed  that  this  method  doesn’t  give  efficient  estimates,  but  could  be 
used  as  initial  estimates  for  some  iterative  methods. 

Another  estimation  method  deals  with  order  statistics.  The  most  efficient  es¬ 
timators  of  this  kind  was  proposed  by  Barnett,  namely  the  Best  Linear  Unbiased 
Estimator  (BLUE)  [33:14].  Although  this  method  requires  the  variances  and  the 
covariances  of  the  order  statistics  be  calculated  first,  BLUEs  "...  achieve  full  asymp¬ 
totic  and  small  sample  efficiencies  of  80%  when  compared  to  mle”  [33:15] 

Later  in  1977,  Higgins  and  Tichenor  proposed  a  new  estimation  technique, 
called  windows  estimates  [13].  These  estimates  can  be  expressed  in  closed  forms 
and  are  easy  to  compute.  The  study  showed  that  window  estimates  have  the  same 
asymptotic  distribution  as  MLEs  and  give  better  results  for  the  heavy-tailed  distribu¬ 
tions,  and  the  Cauchy  distribution  in  particular.  Comparison  of  windows  estimates 
to  MLE  revealed  that,  -0  has  high  efficiencies  for  n  >  10  while  A  has  high  efficiencies 
for  n  >  20  [14:164].  On  the  other  hand,  it  was  also  shown  that,  for  smaller  sizes 
MLE  has  smaller  variances  than  those  of  window  estimates.  This  is  true  even  for 
n  =  40  according  to  the  computational  results  that  Higgins  and  Tichenor  presented. 

Koutrouvelis  suggests  a  different  and  simple  estimation  method  utilizing  the 
empirical  characteristic  function.  The  simplicity  comes  from  the  fact  that,  fitting 
the  number  of  points  t  in  (3)  reduces  the  optimization  for  A  and  ip  to  the  determina¬ 
tion  of  asymptotically  optimum  quantiles  for  the  linear  parameter  estimation  of  an 
exponential  distribution  using  order  statistics  [19:206].  The  estimators  appeared  to 
be  asymptotically  independent  and  normally  distributed.  Koutrouvelis  stated  that 
the  estimators  based  on  this  method  have  high  efficiencies  and  are  superior  to  the 
BLUE  [19:211].  Without  comparing  these  estimates  to  the  MLEs,  he  proposes  this 
method  as  an  alternative  to  MLEs. 

The  last  estimation  method  covered  here  will  be  the  MLE.  Since  MLEs  became 
standard,  every  new  method  is  compared  to  MLE.  For  the  Cauchy  case,  this  gains 
more  importance,  because  MLEs  for  the  Cauchy  distribution  cannot  be  expressed 
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in  closed  form.  Therefore,  numerical  methods  need  to  be  used  [11:404].  There 
has  been  questions  on  the  convergence  of  the  estimators  due  to  the  use  of  iterative 
method.  Bai  and  Fu  submitted  a  paper  on  the  MLE  for  the  location  parameter 
of  the  Cauchy  distribution  [3].  They  concluded  that  “Despite  the  general  belief 
that  the  Cauchy  distribution  is  an  example  of  the  failure  of  the  maximum  likelihood 
estimation,  MLE  of  the  location  parameter  converges  to  the  true  value  exponentially 
at  an  optimal  rate”  [3:140].  Barnett  on  the  other  hand  mentioned  the  possibility  of 
multiple  solutions  due  to  the  risk  of  finding  local  maxima  instead  of  global  maximum 
[4].  But  Haas  reported  multiple  solutions  were  never  found  in  their  study.  And  they 
concluded  that  the  solution  of  the  maximum  likelihood  equations  will  always  be 
unique  for  distinct  samples  of  size  three  or  more  [11:405].  Later  Sours  compared  the 
MLEs  with  the  minimum  distance  estimates  and  found  that  MLE  gives  the  better, 
or  smaller  mean  squared  errors  (MSEs)  among  the  all  minimum  distance  estimates 
[33:40]. 

Haas  gives  the  likelihood  function  for  the  Cauchy  sample  of  size  n  as  [11:404] 


*<*•*■* . *">-nU(1+(W 


taking  the  logarithm  of  (8) 


(8) 


Log(L)  =  -n(log(x))  -  n{log(i/>))  -  £  log{  1  +  (Xt  -A)2)  (9) 

t=l  * 

Then  taking  the  partial  derivatives  of  (9)  and  setting  them  equal  to  0  gives  the 
following  maximum  likelihood  equations 
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The  Princeton  study  used  an  iterative  method  derived  horn  (10)  and  (11)  [2:2C3-17]. 
The  iterative  equations  in  which  there  is  a  need  for  initial  values  for  both  A  and  if> 
are  shown  below 

V?  _ , 

/  j  a - 1  !  1  .  /  w  x  \1 

(12) 


A*+i  — 


V+IXi-Xrf 

n 


(13) 


For  this  iteration  method,  the  initial  value  for  A  is  chosen  as  the  sample  median  and 
assigned  as  A0.  For  the  scale  parameter  iff,  the  semiquantile  distance  is  picked  as 
initial  value  iff0.  Semiquantile  distance  is  obtained  from  (7)  by  assigning  p  =  0.75. 


2.6  Applications 

In  1970’s,  it  has  been  realized  that  in  the  economic  modeling  some  data  are 
flatly  inconsistent  with  the  hypothesis  of  normality.  The  observed  data  had  much 
weight  in  the  extreme  tails.  Then  the  Cauchy  distribution  and  the  other  stable 
distributions  were  assumed  to  give  better  fit  to  the  data.  It  has  been  observed  that 
this  holds  true  for  time  series  analysis,  stock  and  commodity  price  changes,  sales, 
employment  or  asset  size  measures  of  business  firms  and  personal  incomes  [9:275]. 

Another  application  of  the  Cauchy  distribution  is  closely  related  to  the  normal 
distribution.  Suppose  Y  and  V  are  normally  distributed  as  N( 0, 1).  Then  the 
variable  Z  which  is  the  ratio  of  Y  to  Z  has  a  Cauchy  distribution  [17:160]. 

Meyer  explains  a  physical  situation  from  which  the  Cauchy  distribution  may 
be  obtained  in  the  real  world  [22:276]. 

Consider  we  mounted  a  machine  gun  at  a  unit  distance  from  a  wall.  Figure  2.2 
shows  the  direction  of  the  gun.  Then  the  gun  is  rotated  at  a  constant  angular 
velocity,  ^  =  w,  and  is  fired  at  a  constant  rate.  A  hit  occurs  for  <  6  <  | 

where  6  is  uniformly  distributed  over  the  range  —  <  6  <  |.  Then  f(0)  =  \ 
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Figure  2.2  Geometric  example  of  the  Cauchy  distribution 

for  the  defined  range.  Since  the  distance  from  the  wall  is  unity,  tan(x)  =  0  and 
6  =  arctan(x)  =  0(x). 

The  derivative  of  0{x)  is 

M  _  1 

dx  1  +  x3 

The  pdf  of  x  is  then  computed  as 

,(*)<<*  =  /(*(*))  l£l<b  =  J!7p 


which  is  exactly  the  standard  Cauchy  pdf  as  in  (4). 

Meyer  also  states  that  the  Cauchy  distribution  arises  in  the  theory  of  atomic 
and  nuclear  transitions  [22:276].  Kotz  gives  some  examples  from  the  Brownian  mo¬ 
tion  which  tend  to  a  Cauchy  distribution  [17:161]. 
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III.  Goodness- of- Fit  Tests 


3. 1  Hypothesis  Tests 

Statistical  analysis  includes  hypothesis  tests  prior  to  the  analysis.  In  hypothesis 
testing,  first  a  claim  believed  to  be  true  is  made.  Then  a  random  sample  k  drawn 
from  the  population  and  a  decision  is  made  for  or  against  the  hypothesis.  This 
procedure  includes  following  steps  [21:128-129]: 

1.  A  hypothesis  to  be  tested  and  believed  to  be  true  is  made.  This  hypothesis 
called  null  hypothesis  and  denoted  as  H0. 

2.  The  negative  of  the  null  hypothesis  is  set  up  and  called  alternative  hypothesis 
(Ha). 

3.  A  test  statistic  is  chosen.  The  test  statistic  is  “a  function  of  the  sample  data 
on  which  the  decision  (reject  Ha  or  do  not  reject)  is  to  be  based. 

4.  A  rule  which  is  related  to  the  rejection  region  is  established  to  make  the  deci¬ 
sion.  The  rejection  region  specifies  the  values  of  the  test  statistic  for  which  the 
null  hypothesis  is  rejected.  These  cutoff  values  of  the  set  statistics  are  called 
critical  values.  Then  the  decision  rule  is 

•  reject  Ha ,  if  the  value  of  the  test  statistic  computed  from  the  sample  is 
greater  than  the  critical  value 

•  accept  H0,  if  the  value  of  the  test  statistic  is  not  in  the  rejection  region 

Hypothesis  testing  is  based  on  the  sample  data.  However,  the  sample  cannot 
carry  all  the  information  about  the  population.  Therefore  there  exists  a  possibility 
of  making  errors  in  decision  making,  which  can  occur  in  two  types: 

•  Type  I  error  occurs  if  H0  is  rejected  when  it  is  actually  true.  This  error  is 
denoted  as  a. 
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•  Type  II  error  is  made  if  Ha  is  accepted  when  actually  Ha  is  true.  Type  II  error 

is  denoted  as  f)  [21:430]. 

The  hypothesis  testing  is  concerned  minimizing  these  two  types  of  errors.  The 
maximum  probabilities  of  making  type  I  error  have  been  given  the  labels  of  a,  which 
is  called  significance  levels.  The  hypothesis  tests  Eire  done  based  on  the  a  levels.  The 
maximum  probabilities  of  making  type  II  error  which  is  labeled  as  /?  is  used  in  the 
determining  the  power  of  the  test.  (1  —  /3)  which  denotes  the  probability  of  rejecting 
H0  when  Ha  is  true,  gives  the  power  of  the  hypothesis  test. 

3.2  Goodness-of-Fit  Tests 

Goodness-of-fit  (GOF)  tests  are  used  to  examine  how  well  a  sample  of  data 
fits  to  a  hypothesized  distribution.  In  fact,  GOF  terts  are  regular  hypothesis  testing 
in  which  the  null  hypothesis,  Ha ,  is  that  the  data  comes  from  the  hypothesized 
distribution  F(x).  GOF  tests  can  be  separated  into  two  subgroups  as  graphical  and 
using  test  statistics.  Following  sections  will  explain  the  tests  using  test  statistics. 

3.2.1  Chi-squared  (x2)  Tests.  The  first  test  introduced  by  Pearson  in  1900 
is  the  Chi-squared  test.  The  basic  idea  of  the  chi-squared  tests  is  to  reduce  the 
general  fitting  test  to  a  test  based  on  comparison  of  observed  cell  counts  with  their 
expected  values  under  the  hypothesis  to  be  tested  [37:63].  Although  the  chi-squared 
tests  are  the  most  generally  applicable  tests,  they  are  often  less  powerful  than  the 
other  tests  due  to  the  decrease  in  information  caused  by  the  grouping  of  the  data 
[40:113]. 

The  general  concept  of  the  chi-squared  test  can  be  summarized  as  in  the  fol¬ 
lowing  paragraph. 

Suppose  we  have  a  random  sample  Xi,X2,  ■■■,Xn  with  the  distribution  F(x). 
Pearson  partitioned  the  range  into  n  cells.  O.’s  are  the  observed  number  of  XjS  in 
the  ith  cell.  Then  Oi  has  a  binomial  distribution  and  therefore,  np  gives  the  expected 
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value  of  Oi  which  is  the  number  of  XjS  that  should  fall  in  the  ith  cell  theoretically. 
Pearson  reasoned  that  the  difference  between  the  observed  and  the  expected  cell 
frequencies,  O,  —  np,-,  expresses  lack  of  fit  of  the  data  to  F(x).  He  suggested  the 
chi-squared  test  statistic  as  the  function  of  this  difference. 


i=l 


(Oi  -  Ej)3 

Ei 


is  chi-squared  distributed  with  the  degrees  of  freedom  k  —  p  —  1  where  p  stands  for 
the  number  of  parameter  estimated,  k  the  number  of  cells  and  Ei  =  np*  [24:64-65]. 

The  test  results  with  rejection  if  x2  >  Xk-P- u  where  xl-P-i  refers  to  the  critical 
chi-squared  value. 

Another  draw  back  of  the  chi-squared  tests  besides  the  low  power  is  that  it  is 
subjective.  Because  the  choice  of  the  number  of  cells  is  arbitrary  with  the  limitation 
of  having  at  least  4  observations  at  each  cell.  Therefore,  the  result  of  the  test  is  not 
unique  and  it  may  change  with  the  choice  of  cell  numbers.  It  is  recommended  to  use 
samples  of  size  greater  than  25  for  the  x2  test  [40:114]. 


3.2.2  EDF  Tests.  The  second  group  of  GOF  test  statistics  are  EDF  statis¬ 
tics. 

“Empirical  distribution  function  (EDF)  is  a  step  function,  calculated  from 
the  sample,  which  estimates  the  population  distribution  function”  [37:97].  With 
Stephens’  words  “EDF  statistics  are  measures  of  the  discrepancy  between  the  EDF 
and  a  given  distribution  function,  and  are  used  for  testing  the  fit  of  the  sample  to 
the  distribution  ...”  [37:97]. 

For  a  sample  of  size  n  which  is  Xi,X2,  ...,  X„  from  the  distribution  of  F(x),  the 
EDF  ( Fn(x ))  is  defined  as 

number  of  observations  <  x 
n 
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For  ordered  statistics,  EDF  is  specifically  defined  as 


^n(*)  =  0,  X  <  X(1) 

Fn(*)  =  X(i)<x<  X(i+1),  t  =  1,  ...,n  -  1 

^»(X)  =  1,  X(n)  <  * 


The  difference  between  CDF  and  EDF  is  shown  at  Figure  3.1. 


EDF  statistics  are  separated  into  two  major  groups  from  which  the  most  com¬ 
mon  EDF  statistics  are  drawn.  The  first  group  is  quadratic  statistics  which  are  also 
called  the  Cramer-von  Mises  family.  These  statistics  are  generated  from 

Q  =  n[°°  {Fn(x)  -  F(x)}2*(x)dF(x)  (14) 

J  —oo 
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where  ¥(x)  is  the  suitable  function  which  gives  weights  to  the  {Fn(x)—F(x)}2.  When 
$(x)  =  1,  Cramer-von  Misses  statistics  (CM)  is  obtained.  ¥(x)  =  l/{F(x)(l  — 
F(x)}  gives  the  Anderson  Darling  statistic  (Aa)  [37:100]. 

The  second  group  of  statistics  are  called  supremum  statistics.  The  basic  statis¬ 
tics  of  this  kind  is  D+  and  D~  which  are  the  largest  vertical  difference  when  Fn(x) 
is  greater  than  F(x)  and  smaller  than  F(x)  respectively.  They  are  defined  as 

D+  =  max(Fn(x)  -  F(x)) 

D~  =  max(F(x)  -  Fn(x)) 

The  most  common  EDF  statistic,  Kolmogorov-Smirnov  statistic  (KS)  is  a  function 
of  these  two  basic  statistics.  Precisely, 

KS  =  max(D+ ,  D~) 

The  other  EDF  statistic,  Kuiper  statistic  (V)  is  also  a  function  of  D+  and  D~.  It  is 
defined  as 

V  =  D+  +  D~ 

KS  and  V  are  the  test  statistics  that  are  developed  in  this  thesis. 

Stephens  gives  the  computational  formulas  for  these  EDF  statistics  along  with 
the  short  discussion.  According  to  his  explanation,  for  any  distribution  of  F(x), 
F(xi)  is  uniformly  distributed.  Therefore,  computing  the  EDF  statistics  comparing 
the  EDF  of  F(x j)  with  the  uniform  distribution  is  the  same  as  comparing  the  EDF  of 
x;  with  F(x)  [37:101].  This  conclusion  leads  to  the  following  practical  computational 
formulas  of  the  previously  defined  EDF  statistics: 

D+  =  max(—  —  F(xi))  (15) 

n 
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(16) 


D  =  max(F(*j)  -  -)) 

n 

Kolmogorov- Smirnov  and  Kuiper  statistics  are  computed  from  (15)  and  (16)  as 

KS  =  max(£)+,D")  (17) 

V  =  D+  +  D~  (18) 

The  Cramer- von  Mises  and  the  Anderson-Darling  statistics  are  modified  from  (14) 
and  turn  out  to  be 

°»-±i«4>-Hrr+±  as) 

A2  =  -n  -  -  J](2t  -  l)[ln  F(xi)  +  In  (1  -  F(*n+i_<))] 

ni= i 

The  EDF  tests  can  be  used  with  small  samples,  unlike  the  chi-squared  tests. 
One  the  other  hand,  the  EDF  tests  could  only  be  used  when  F(x)  was  fully  speci¬ 
fied,  that  is,  the  parameters  were  known.  Because  with  a  fully  specified  CDF,  the 
probability  integral  transformation  converts  CDF  values  to  ordered  values  in  the 
interval  of  [0, 1]  based  on  a  uniform  distribution.  If  the  parameters  of  F(x)  were  to 
be  estimated,  the  CDF  of  EDF  statistics  would  depend  on  the  sample  size  and  the 
value  of  the  parameters.  This  prevented  the  widespread  usage  of  the  EDF  statistics 
[35:731-732], 

David  and  Johnson,  in  1948,  showed  that  if  the  parameters  to  be  estimated 
from  the  sample  are  the  invariant  estimators  of  only  location  and  the  scale  parame¬ 
ters,  then  the  CDF  of  EDF  statistics  will  depend  on  the  functioned  form  of  F(x),  not 
on  the  estimated  parameters  [7].  This  clarification  made  the  modified  GOF  tests  to 
be  more  widely  used.  The  modified  GOF  tests  are  the  GOF  tests  in  which  F(x)  is 
not  specified  and  the  parameters  are  estimated. 

In  the  literature  there  are  numbers  of  studies  on  the  goodness-of-fit  tests  each  of 
which  uses  different  estimation  techniques,  different  test  statistics,  different  methods 
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in  calculating  critical  values  and  is  done  for  different  distributions.  Daniel  prepared 
a  bibliography  on  the  GOF  studies  in  1980  [6].  The  bibliography  goes  back  to  1900 
when  Pearson  first  introduced  the  test.  Then  it  covers  the  all  major  studies  till 
1980.  The  most  studied  distributions  appeared  to  be  the  normal  and  exponential 
distributions.  There  are  various  kinds  of  methods  and  tests  studied  along  with 
the  studies  on  the  efficiencies  of  the  tests  and  the  asymptotic  theories  of  the  test 
statistics. 

Besides  those  studies,  there  exist  three  important  resources  in  the  literature 
on  the  GOF.  The  first  one  is  the  Goodness- of -Fit  Techniques  written  by  Stephens 
and  D’agostino  [37].  They  refer  to  numerous  studies  and  present  various  kind  of 
GOF  tests  giving  examples  on  different  distributions.  The  second  book  is  Smooth 
Goodness  of  Fit  Tests  written  by  Rayner  and  Best  [27].  The  third  resource  is  on 
the  multivariate  data  analysis  which  is  Goodness-of-Fit  Statistics  For  Discrete  Mul¬ 
tivariate  Data  written  by  Read  and  Cressie  [28]. 

The  majority  of  these  studies  intended  to  develop  a  new  technique  or  modify 
the  ones  already  proposed  to  increase  the  power.  While  some  studies  are  searching 
for  new  estimation  technique  for  this  reason,  some  are  modifying  the  EDF  statistics 
with  different  plotting  positions. 

Besides  the  standard  GOF  tests,  a  new  technique,  directional  test,  was  pro¬ 
posed.  The  idea  of  the  directional  test  also  known  as  the  reflected  test  has  been 
motivated  from  Schuster’s  papers  [31]- [32].  In  the  first  paper  Schuster  derives  a 
second  sample  from  the  original  center.  Then  he  uses  the  sum  of  the  CDFs  of  the 
two  samples  and  derives  a  new  Kolmogorov-Smirnov  kind  statistic.  In  the  second 
paper,  he  proposes  a  new  method  of  parameter  estimation  using  the  same  method  of 
deriving  the  second  sample.  In  short,  he  estimates  the  location  parameter  and  then 
reflects  the  sample  around  the  location  parameter.  Thus  he  gets  the  asymmetric  of 
the  original  sample.  This  concept  was  modified  by  Ream  and  used  in  the  GOF  tests 
for  normality.  He  basically  derived  the  second  sample  as  Schuster  did.  But  instead 
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of  treating  the  second  sample  itself,  Ream  combined  the  two  samples  and  dealt  with 
the  new  sample  of  doubled  size.  The  reason  for  the  reflection  was  to  improve  the 
power  increasing  the  sample  size.  The  results  turn  out  as  expected  for  the  symmetric 
distributions.  But  “no  improvement  would  be  evident  in  powers  generated  against 
the  non-symmetric  distributions”  [29:61]. 

Sequential  tests,  also  c tilled  omnibus  tests,  are  based  on  the  idea  that  two 
different  tests  are  run  independently.  The  order  of  the  tests  is  not  important.  But 
the  test  of  running  two  independent  tests  has  its  own  significance  level  and  power. 
The  significance  level  of  the  sequential  test  which  is  the  combination  of  the  teatl  at 
oei  and  teatl  at  at2  is 

ot  ^  aii  -f  ot]  [20] 

Pearson,  D’Agostino,  and  Bowmen  showed  that  using  both  the  skewness  and 
the  kurtosis  tests  for  normality  if  atj  =  a3  =  a*  then  an  approximation  to  the  overall 
significance  level  is  [37:390] 

a  =  4(a*  -  (a*)2) 

This  idea  can  be  applied  to  EDF  statistics  using  two  of  them  at  the  same  time.  The 
new  test  would  have  a  separate  significance  level  and  different  power.  This  study 
will  introduce  three  new  sequential  tests  for  the  Cauchy  distribution. 

Stephens  presented  a  report  on  the  EDF  tests  for  the  Cauchy  distribution.  He 
derived  the  percentage  points  for  the  CM  and  A2  and  also  U2  (Watson  statistic) 
[36].  Although  the  report  focuses  on  these  statistics  from  beginning  to  the  end  also 
the  percentage  points  were  found  for  KS  and  V  statistics.  The  report  concludes  that 
the  EDF  statistics  give  higher  power  in  the  case  of  CM  and  V  but  no  values  from 
the  power  study  is  presented.  Stephens  uses  a  different  method  for  the  estimation 
reasoning  that  the  MLEs  are  hard  to  work  with.  On  the  other  hand,  he  states  that 
the  asymptotic  theory  is  not  applicable  to  these  statistics,  he  doesn’t  mention  how 
he  calculated  the  percentage  values. 
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The  other  GOF  study  for  the  Cauchy  distribution  was  achieved  by  Ocasio  in 
1985  [26].  He  derived  the  critical  values  for  the  CM,  A3  and  KS  statistics  for  the 
Cauchy  distribution  with  unknown  shape  and  location  parameters.  He  used  MLEs 
and  bootstrap  method  with  5000  samples  and  also  did  a  power  analysis  against 
various  distributions.  The  study  concluded  that  the  KS  test  is  the  most  powerful 
one  among  those  three  tests  for  the  sample  size  n  greater  than  5. 

The  last  study  was  done  by  Moore  and  Yen  on  the  CM  and  A3  tests  [23].  They 
used  MLEs  with  5000  samples  and  also  included  the  reflection  technique  for  both 
of  the  tests.  Moore  and  Yen  present  the  critical  values  along  with  the  power  tables. 
The  study  results  support  the  idea  that  the  reflection  improves  the  power  against 
the  symmetric  distributions. 

3.3  Monte  Carlo  Methods 

Some  systems  are  mathematically  difficult  systems,  and  hard  to  define  in 
straight  forward  closed  form  equations.  When  an  exact  mathematical  model  can 
not  be  developed  economically  or  when  it  becomes  too  complex  to  permit  timely 
evaluation,  such  complex  systems  are  usually  analyzed  using  Monte  Carlo  Method. 
Law  and  Kelton  define  Monte  Carlo  simulation  as  “a  scheme  employing  random 
numbers,  that  is,  U( 0, 1)  random  variates,  which  is  used  for  solving  certain  stochas¬ 
tic  or  deterministic  problems  where  the  passage  of  time  plays  no  substantive  role” 
[5:113].  Even  though  it  just  says  U(0, 1)  random  variates,  usually  different  random 
variates  are  used  but  as  explained  in  the  latter  sections  they  are  all  generated  from 
U( 0, 1)  random  variates. 

The  common  usage  of  the  Monte  Carlo  analysis  is  in  the  reliability  analysis. 
The  second  area  is  the  deterministic  problems.  Since  it  is  a  simulation  process,  it 
has  very  large  application  area.  The  only  difference  of  it  from  the  simulation  is  that 
it  doesn’t  deal  with  time. 
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Monte  Carlo  simulation  is  now  widely  used  to  solve  certain  problems  in 
statistics  that  are  not  tractable.  For  example,  it  has  been  applied  to 
estimate  the  critical  values  or  the  power  of  a  new  hypothesis  test.  Deter¬ 
mining  the  critical  values  for  the  Kolmogorov- Smirnov  test  for  normality 
...  is  such  an  application.  [5:114] 

The  statisticians  have  come  up  with  asymptotic  distributions  of  the  EDF  statistics. 
However,  they  are  still  difficult  to  estimate  and  work  with.  Therefore  many  of  the 
goodness-of-flt  studies  employ  Monte  Carlo  methods.  Noree  states  that 

In  general,  a  valid  Monte  Carlo  significance  level  can  be  computed  for 
any  test  statistic  that  is  a  function  of  data  drawn  from  any  specified  pop¬ 
ulation.  The  population  does  not  have  to  have  a  familiar,  well-behaved 
distribution  studied  by  statisticians;  the  population  can  be  entirely  arbi¬ 
trary.  [25:49] 

The  Monte  Carlo  process  usually  involves  the  determination  of  the  distribution 
of  interest  (mostly  related  to  the  element  in  the  system),  selection  of  the  random 
sample  from  this  distribution,  combining  of  these  samples  to  obtain  the  measure  or 
information  required.  “The  process  of  random  selection  and  determination  of  the 
system  effects  are  repeated  a  large  number  of  times  and,  each  repetition  results  in 
another  different  estimate  of  the  system  characteristic  that  is  being  measured”  [18:3- 
1].  The  accuracy  and  reliability  of  the  Monte  Carlo  method  are  based  on  the  law 
of  large  numbers  which  is  stated  as,  as  the  sample  size  gets  bigger,  the  difference 
between  the  sample  mean  and  the  population  mean  becomes  smaller  [1:176].  For  a 
big  enough  sample  size,  the  sample  mean  is  equal  to  the  population  mean.  However, 
big  enough  is  a  relative  term.  It  has  been  shown  that  for  the  normal  distribution, 
samples  of  n  >  30  is  enough  to  assume  sample  mean  is  equal  to  the  population 
mean.  But  there  doesn’t  exist  any  comment  for  the  other  distributions.  However, 
most  of  the  Monte  Carlo  studies  use  5000  iterations.  Thus,  5000  independent  data 
are  obtained  and  used  as  representative  of  the  system. 
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The  weakness  of  the  Monte  Carlo  method  is  that  the  uncertainty  of  the  raw 
data.  But  Gwinn  states  the  opinion  of  Hammersley  and  Handscomb  on  this  uncer¬ 
tainty 

Good  experimentation  tries  to  ensure  that  the  sample  shall  be  more 
rather  than  less  representative  ...[Monte  Carlo  results]  can  nevertheless 
serve  a  useful  purpose  if  we  can  manage  to  make  the  uncertainty  fairly 
negligible,  that  is  to  say  to  make  it  unlikely  that  the  answers  are  wrong 
by  very  much.  [10:2-14] 

Then  the  uncertainty  can  be  made  negligible  by  increasing  the  number  of  observa¬ 
tions  or  in  other  words  number  of  replications. 

The  Monte  Carlo  study  can  be  generalized  for  the  purpose  of  this  thesis  as 
shown  in  Figure  3.2.  Next  sections  will  include  different  methods  for  these  main 
steps  of  the  Monte  Carlo  analysis. 

3-4  Random  Number  Generation 

Almost  all  simulation  processes  require  random  samples  or  deviates.  In  nature, 
there  is  no  such  a  thing  as  a  random  number.  But  there  exist  various  arithmetic 
procedures  to  generate  random  numbers.  Since  the  procedures  employ  determinis¬ 
tic  rules,  they  are  called  pseudo-random  numbers,  meaning  supposedly  random  but 
not  really.  Ripley  defines  random  numbers  as  “A  sequence  of  pseudo-random  num¬ 
bers  (Ui)  is  a  deterministic  sequence  of  numbers  in  (0,1)  having  the  same  relevant 
statistical  properties  as  a  sequence  of  random  number”  [30:15]. 

All  random  variates  from  different  distributions  are  generated  using  uniform, 
t/(0, 1),  random  numbers.  Thus,  the  generation  of  the  uniform  random  numbers 
gains  the  most  importance  and  is  the  basics  of  random  number  generation.  Therefore 
this  section  gives  an  introduction  to  major  methods  of  generating  f/(0, 1)  random 
numbers. 

The  earliest  methods  were  so  crude,  and  carried  out  by  hand  such  as  throwing 
dice,  dealing  out  cards,  casting  lots  or  drawing  numbered  balls  from  an  urn.  Later, 
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Figure  3.2  Monte  Carlo  Study 
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some  electrical  devices  were  developed  just  for  generating  random  numbers.  As  the 
computer  got  widely  used,  numerical  or  arithmetical  methods  which  axe  based  on 
the  computer  operation  system  were  generated.  The  first  of  this  type  was  mid¬ 
square  method  proposed  by  von  Neuman  and  Metropolis.  But  “One  serious  problem 
(among  others)  is  that  it  has  a  strong  tendency  to  degenerate  fairly  rapidly  to  zero, 
where  it  will  stay  forever”  [20:422]. 

In  1951,  Linear  Congruential  Generators  (LCGs)  were  introduced  by  Lehner. 
The  LCGs  have  the  form  of 


Zi  =  (aZi- 1  +  c)(mod  m) 

where  m,  a,  c,  and  Z0  are  nonnegative  integers  and  m  >  0,  m  >  a,  m  >  c,  Z0  <  m. 

LCGs  have  a  looping  behavior,  that  is,  the  same  sequence  of  random  numbers 
will  repeat  itself  whenever  Zi  =  Z0.  This  length  of  cycle  is  called  period  and  when  it 
is  equal  to  m,  it  is  called  full  period.  But  to  make  the  sequence  full  period  there  are 
some  other  requirements  as  explained  by  Law  and  Kelton  [20:426]. 

If  c  >  0  it  is  called  mixed  LCG.  Mixed  LCGs  have  some  advantages  the  most 
important  of  which  is  that  if  m  =  2b  where  b  denotes  the  number  of  bits  in  a  word 
on  the  computer  it  helps  "...  to  avoid  explicit  division  by  m  on  most  computers  by 
taking  the  advantage  of  integer  overflow ”  [20:427]. 

When  c  =  0,  the  generator  is  called  multiplicative  generator.  Multiplicative 
LCGs  have  the  advantage  of  not  having  the  addition  of  c,  but  the  disadvantage  of 
not  being  able  to  have  full  period  [20:429]. 

In  general,  LCGs  are  the  most  commonly  used  generators.  However  there  exist 
several  different  generators  such  as  composite  and  Tausworthe  generators.  But  the 
facilities  used  in  this  study  use  LCGs.  Therefore  the  other  methods  will  not  be 
explained.  But  the  general  information  about  the  other  generators  can  be  found  in 
Law  and  Kelton’s  book  [20]. 
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3.5  Random  Variate  Generation 


There  are  many  different  techniques  for  generating  random  variates.  The  choice 
of  the  technique  depends  on  the  type  of  distribution  from  which  the  variate  will  be 
generated.  The  techniques  can  be  classified  into  several  general  groups.  The  following 
sections  will  discuss  these  general  groups. 

3.5.1  Inverse  Transform.  Suppose  the  variable  X  has  the  CDF  F(x), 
then  F(x)  =  u  has  the  inverse  CDF  denoted  as  F(u)~l  where  u  is  uniformly  dis¬ 
tributed.  Therefore  to  generate  random  variate  from  the  distribution  function  F(x) 
the  following  algorithm  is  used  : 

1.  Generate  U  ~  t/(0, 1) 

2.  Calculate  X  so  that  X  =  F’(£ir)“1 

The  inverse  transform  method  can  be  applied  to  the  continuous,  discrete  and 
the  mixed  distributions.  But  one  disadvantage  of  this  method  is  that  there  may  not 
be  a  closed  form  formula  of  the  CDF  as  in  the  normal  and  gamma  distributions.  On 
the  other  hand,  for  some  specific  distributions  the  method  may  not  be  the  fastest 
method  [20:472]. 

Despite  these  drawbacks,  one  important  advantage  is  that  the  method  can  fa¬ 
cilitate  variance-reduction  techniques  such  as  antithetic  variates.  The  second  advan¬ 
tage  is  that  it  is  easy  to  generate  from  truncated  distributions.  The  final  advantage 
of  the  inverse-transform  method  is  that  generating  order  statistics  is  very  easy  with 
this  method. 

3.5.2  Composition  Method.  This  technique  is  used  when  it  is  possible  to 
explain  the  CDF  of  the  distribution  from  which  the  variate  will  be  generated  as  a 
convex  combination  of  the  other  CDF’s  such  as 

F{x)  = 

j'=i 
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where 

k 

£pj  =  1  and  pj  >  0 
i= i 

which  is  the  convexity  constraint.  The  algorithm  is  given  as 

1.  Generate  a  random  integer  Je{l,2, fc}  such  that 

P(J  =  j)  for  j  =  1,2,..., k 

2.  Generate  random  variate  X  from  the  distribution  with  CDF  Fj.  [20:474] 

The  composition  method  is  faster,  in  some  cases,  than  the  inverse-transform 
method. 

3.5.3  Acceptance-Rejection  Method.  This  method  is  not  a  direct  method  as 
the  other  methods  and  can  be  useful  when  the  direct  methods  fail  or  are  inefficient. 

The  idea  of  the  acceptance-rejection  method  depends  on  the  idea  that  a  func¬ 
tion  t(x)  can  be  defined  such  that  t(x)  majorizes  the  density  f(x).  This  requires 
t(x)  >  /(*)  for  all  x. 

c  =  /  t(x)dx  >  j  f{x)dx  =  1 

Dividing  t(x)  by  c  gives  the  density  function  r(x)  =  Thus  since  CDF  of  r(x) 
will  be  uniformly  distributed,  it  is  possible  to  generate  variate  from  r(sc).  Then  the 
algorithm  is  given  by 

1.  Generate  Y  from  the  majorizing  PDF  r(s). 

2.  Generate  U  ~  (7(0, 1)  independent  of  Y. 

3.  Iff/  <  f(x)/t(Y),  then  accept  X  =  Y  as  the  variate  from  f(x).  Otherwise 
reject  the  value  and  go  back  to  step  1.  [20:478] 
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The  important  step  in  the  acceptance- rejection  method  is  to  choose  t(x)  properly. 
The  majorizing  t(x)  should  be  picked  so  that  the  generation  from  r(x)  would  be 
easy,  and  c  is  small,  that  is,  t(x )  should  fit  closely  above  /(*).  The  first  requirement 
is  to  increase  the  speed  while  the  second  is  to  increase  the  accuracy  [20:479] 

The  techniques  are  modified  to  generate  from  specific  distributions.  But  these 
techniques  are  the  general  forms  of  the  random  variate  generation. 

S.6  Bootstrap  Method  And  Plotting  Positions 

The  plotting  positions  methods  is  the  most  common  method  to  derive  the 
critical  values  for  a  GOF  test.  It  depends  on  the  bootstrap  method.  The  bootstrap 
methods  were  pioneered  by  Efron  for  estimating  confidence  intervals.  But  they  can 
be  modified  to  estimate  the  significance  levels.  There  exist  many  bootstrap  methods 
which  use  different  modifications.  The  basics  of  this  technique  are  explained  below. 

Suppose  *  is  a  random  sample  and  t(x)  is  the  value  of  test  statistic  of  hypo¬ 
thetical  x.  Since  x  is  a  random  variable,  t(x)  is  a  random  variable  too,  with  its  own 
probability  function.  Then  P(t(x)  >  h)  gives  the  sampling  distribution  of  t(x). 

Now  let  *0  be  the  real  random  sample  from  the  real  population;  t(x0) 
is  the  value  of  the  test  statistic  for  that  real  sample.  A  hypothesis  test 
consists  of  calculating  how  unusual  t{x o)  is  relative  to  the  sampling  dis¬ 
tribution  of  t(x).  That  is,  significance  of  the  test  statistic  ideally  is 
prob(t(x)  >  <(*o))  and  the  rule  for  rejecting  the  null  hypothesis  is  : 

Reject  if  prob(t(x)  >  <(®o))  < 

The  problem  in  assessing  a  significance  level  thus  reduces  to  estimating 
the  sampling  distribution  of  the  test  statistic  under  the  null  hypothesis, 
i.e.  the  probability  distribution  of  t(x)  ...  The  sampling  distribution  is 
estimated  by  drawing  simulated  random  samples  from  the  null  hypoth¬ 
esis  population.  The  significance  level  is  essentially  the  proportion  of 
simulated  samples  for  which  the  value  of  the  test  statistic  was  at  least  as 
large  as  for  the  original  sample.  [25:64] 
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The  procedure  explained  above  is  an  application  of  the  Monte  Carlo  to  draw 
random  sample.  “In  fact,  given  a  sample  from  a  population,  the  nonparametric  max- 
imum  likelihood  estimate  of  the  population  distribution  is  the  sample  itself”  [25:65]. 
Therefore,  procedures  for  deriving  the  critical  levels  can  be  applied  by  sampling  with 
replacement  from  the  sample.  Then  plotting  position  technique  is  employed  to  derive 
the  critical  values.  It  has  been  shown  that  this  technique  is  more  precise  than  that 
to  select  the  order  statistic  which,  as  a  percentage  of  the  total  statistics,  matches 
the  percentile  level. 

Plotting  position  method  is  accomplished  by  approximating  a  piecewise  linear 
function  for  the  discrete  order  statistics.  Then,  it  would  be  possible  to  interpolate 
between  the  discrete  values  of  the  statistics  and  get  more  accurate  critical  values.  The 
interpolation  is  done  plotting  the  order  statistics  against  a  plotting  position  which 
represents  the  order  statistics  on  a  0  to  1  scale.  The  method  of  the  interpolation  is 
explained  in  the  next  chapter. 

Many  different  plotting  positions  have  been  stated  so  far.  Some  of  them  have 
been  used  in  different  goodness  of  fit  studies.  The  most  famous  one  is  called  the  mean 
plotting  position  and  computed  by  (*  —  0.5)/n  where  t  is  the  rank  of  the  order  statistic 
and  n  is  the  sample  size.  Some  of  the  other  plotting  positions  are  the  median  rank 
(i  —  0.3)/(n  —  0.4),  mode  (t  —  l)/(n  —  1)  plotting  positions.  Different  plotting  position 
methods  arise  from  the  need  of  plotting  ordered  data  against  the  CDF  value.  The 
CDF  is  a  step  function  that  jumps  from  (i  —  1  )/n  to  i/n  at  the  ith  order  statistic  of 
the  sample.  If  (t  —  l)/n  is  used  as  plotting  positions  then  the  smallest  order  statistic 
cam  not  be  plotted,  while  in  the  case  of  i/n  the  largest  statistic  is  not  possible  to  be 
plotted  [12:1615]. 

There  exist  many  studies  on  the  plotting  positions.  Among  those,  Harter 
[12]  published  an  extensive  analysis  of  the  different  plotting  positions  proposed. 
The  studies  meet  at  the  same  objective  which  is  to  look  for  plotting  positions  that 
produce  minimum  variance  unbiased  estimates  or  minimum  mean  square  deviation 
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of  a  biased  estimate.  Harter  concluded  that  the  median  plotting  position  yields 
median  unbiased  estimates  and  “One  may  wish  to  avoid  the  difficulties  associated 
with  unbiased  estimates  by  obtaining  median  unbiased  estimates  instead”  [12:1625]. 

For  the  sample  size  smaller  than  20,  different  plotting  positions  may  give  better 
results.  But  for  the  sample  sizes  over  20,  the  difference  between  the  various  plotting 
positions  are  insignificant. 

S.  7  Parameter  Estimation 

Any  kind  of  statistical  analysis  based  on  a  sample  improves  its  accuracy  and 
efficiency  by  first  employing  the  best  estimation  method.  The  Monte  Carlo  study  is 
no  exception  to  this  rule,  especially  when  used  in  goodness-of-fit  tests.  Chapter  2 
discussed  different  estimation  methods  proposed  for  the  Cauchy  distribution.  Among 
those,  the  MLEs  have  been  selected  as  the  most  appropriate  estimators  for  this  study. 

One  important  reason  for  this  is  that,  different  studies  concluded  that  MLEs 
have  smaller  variance  or  MSE  than  most  of  the  other  estimators  of  the  Cauchy 
distribution.  Besides,  it  has  been  proved  that  if  there  exists  a  sufficient  estimator  of  a 
parameter,  the  MLE  is  definitely  based  on  this  sufficient  statistic.  Also,  “maximum- 
likelihood  estimators  posses  certain  desirable  large-sample  properties”  [39:345], 

The  most  important  property  of  MLEs  for  this  study  is  that  they  are  invariant. 
That  is,  If  6  is  the  MLE  of  6  and  h(6)  is  an  inverse  function,  then  h(0)  is  the  MLE 
of  h(9).  By  inverse  function  it  is  meant  that  there  exists  one-to-one  relationship 
between  values  of  0  and  the  corresponding  values  of  h{6 )  [39:349].  Thus,  empirical 
distribution  functions  and  the  test  statistics  used  in  the  study  become  the  MLEs  of 
the  real  values  with  the  desired  properties. 
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IV.  Methodology 


4-1  Overview 

The  distribution  of  the  EDF  statistics  have  been  studied  for  years.  But,  statis¬ 
ticians  couldn’t  come  up  with  nice,  easy-to-apply  formulations.  As  mentioned  before, 
asymptotic  distribution  of  the  Kuiper  statistic  has  been  studied  too.  But,  it  is  a  gen¬ 
eral  agreement  that  any  closed  form  of  the  distribution  functions  of  EDF  statistics 
is  hard  to  deal  with.  As  a  result  of  this  common  belief,  the  Monte  Carlo  analysis 
was  referred  to  derive  information  about  the  EDF  statistics. 

This  thesis  examines  three  types  of  goodness-of-fit  tests.  The  first  one  is  the 
standard  test.  The  standard  test  was  applied  to  both  the  Kolmogorov- Smirnov  (KS) 
and  the  Kuiper  (V)  test  statistics,  and  therefore  the  critical  values  were  computed 
for  them.  The  second  type  is  the  reflected,  or  directional  test.  This  method  was  used 
again  for  both  KS  and  V  statistics  and  the  critical  values  were  generated.  The  third 
type  of  goodness-of-fit  tests  in  the  scope  of  this  theses  is  the  sequential  test.  This 
type  combines  two  different  tests.  The  sequential  test  was  applied  to  three  different 
combinations.  The  pairs  are  standard  CM  and  standard  Kuiper,  reflected  CM  and 
standard  Kuiper,  standard  K S  and  standard  Kuiper.  Even  though  the  critical  values 
for  both  cases  of  CM  test  for  the  Cauchy  distribution  were  generated  by  Moore  and 
Dr.  Yen,  they  were  regenerated  using  the  same  parameters  and  the  methods  as  in 
the  other  tests.  The  Cauchy  samples  used  in  all  the  critical  value  computation  were 
arbitrarily  picked  from  C(0, 10).  After  the  critical  values  were  computed  for  all  of 
the  tests,  some  power  analyses  were  done  using  different  alternative  distributions. 

All  the  codes  for  either  critical  value  computations  or  the  power  studies  were 
written  in  FORTRAN  77.  To  reduce  the  running  time,  IMSL  STAT /LIBRARY  sub¬ 
routines  were  widely  used  [16].  All  the  codes  were  run  on  Sparc  station  2  machines. 

For  the  reasons  mentioned  before,  MLEs  were  selected  as  the  estimators  used  in 
this  thesis.  The  computer  code  for  the  MLEs  is  a  modified  version  of  the  FORTRAN 
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code  CMLE  used  in  the  Princeton  study  [2].  This  subroutine  basically  uses  the 
equations  (12)  and  (13)  and  solves  them  iteratively.  Sours  showed  that  100  iterations 
is  enough  for  convergence  [33].  The  convergence  is  determined  within  e  =  0.001  for 
the  location  and  e  =  0.05  for  the  scale  parameter.  But  the  way  of  computing  the 
median  was  coded  just  for  the  even  sample  sizes  in  that  study.  To  improve  the 
accuracy,  the  code  was  modified  in  this  research  and  added  another  part  for  the  odd 
sample  sizes.  On  the  other  hand,  Princeton  study  used  the  modified  semi-quantile 
as  in  (7)  for  the  initial  estimate  of  scale  parameter.  In  this  study,  since  the  true 
value  of  ip  was  known  as  10,  it  has  been  used  as  the  initial  estimate  with  the  idea 
that  it  might  increase  the  accuracy  and  reduce  the  computational  time. 

The  previous  goodness-of-fit  studies  using  Monte  Carlo  method  implemented, 
in  general,  5000  independent  values  of  test  statistics.  Since  the  sample  size  is  a  lot 
bigger  compared  to  20,  any  one  of  the  plotting  positions  is  justified.  For  this  thesis, 
to  get  more  accurate  results,  50,000  iterations  were  used  and  50,000  independent 
values  of  each  test  statistic  have  been  generated.  Therefore,  it  is  intuitive  that  any 
kind  of  plotting  position  method  could  have  been  good  to  find  the  critical  values. 
But  as  a  choice,  the  median  rank  plotting  position  method  has  been  selected  for  the 
purpose  of  this  thesis. 

The  following  sections  will  introduce  the  methods  in  detail  for  each  type  of  the 
tests  and  the  power  studies. 

4-2  Critical  Values 

4-2.1  Standard  Test.  The  Monte  Carlo  procedure  as  explained  earlier  has 
been  modified  to  generate  critical  values.  The  detailed  flow  chart  of  the  generation 
process  is  shown  on  the  Figure  4.1. 

This  thesis  includes  three  different  test  types  namely  standard,  reflected,  and 
sequential.  The  standard  and  the  reflected  tests  use  the  same  procedure  to  generate 
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Figure  4.1  Flow  Chart  of  Critical  Value  Generation  For  Standard  Tests 
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critical  values  except  for  reflection.  So  this  procedure  will  be  explained  here  alone 
and  then  the  reflection  part  will  be  discussed. 

1.  Step  1  :  Random  deviate  generation.  For  each  run  of  the  Monte  Carlo  study 
a  specified  size  of  Cauchy  sample  is  needed.  This  has  been  accomplished  by 
using  the  IMSL  subroutine  RNCHY.  This  subroutine  generates  a  sample  from 
the  Cauchy  distribution  with  A  =  0  and  ip  =  1  using  the  inverse  transformation 
method  as  explained  earlier.  To  produce  a  sample  with  different  A  and  ip  value, 
the  deviates  are  multiplied  by  the  new  ip  and  A  is  added  [16:997].  This  thesis 
uses  samples  from  C(0, 10).  So,  each  deviate  was  just  multiplied  by  10  after 
the  generation. 

2.  Step  2  :  Parameter  estimation.  As  mentioned  earlier  CMLE  subroutine  of 
Princeton  study  was  used  to  estimate  the  location  and  the  scale  parameters 
[2].  This  subroutine  requires  the  sample  to  be  ordered  first.  Therefore,  after 
the  sample  was  generated  the  deviates  were  sorted  in  ascending  order  and  then 
the  CMLE  calculated  the  MLEs. 

3.  Step  3  :  Calculate  the  CDF  values.  This  was  done  by  substituting  the  com¬ 
puted  MLEs  in  the  CDF  (2).  Then  the  hypothesized  CDF  value  for  the  each 
deviate  was  computed. 

4.  Step  4  :  Compute  the  test  statistics.  The  code  to  compute  the  KS  test  statistics 
was  modified  from  Sours  code  [33:68-69].  KS  was  found  using  the  equation 
(17)  as  the  max(D+ ,  D~).  Therefore,  first  D+  and  D~  values  were  computed 
as  in  (15)  and  (16)  respectively.  Finally  the  max  of  these  two  maximums  was 
picked  as  the  KS  test  statistic.  The  Kuiper  test  statistics  (F)  were  computed 
by  adding  the  already  computed  D+  and  D~  together. 

5.  Step  5  :  Repeat  the  steps  (1-5)  50,000  times  to  generate  50,000  independent 
test  statistics. 
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6.  Step  6  :  Order  the  statistics.  To  assign  the  plotting  positions  to  the  test 
statistics,  the  statistics  must  be  in  ascending  order.  Therefore,  they  were 
ordered  using  a  simple  code. 

7.  Step  7:  Determine  the  critical  values.  This  technique  depends  on  the  boot¬ 
strap  method.  This  method  is  accomplished  by  approximating  a  piecewise 
linear  function  for  the  discrete  order  statistics.  Then,  it  would  be  possible  to 
interpolate  between  the  discrete  values  of  the  statistics  and  get  more  accurate 
critical  values.  “The  interpolation  is  done  plotting  the  order  statistics  against 
a  plotting  position  which  represents  the  order  statistics  on  a  zero  to  one  scale” 
[26:24].  The  plotting  positions  used  in  this  thesis  are  the  median  rank  plotting 
positions  which  is  computed  as  (*  —  0.3)/(n  —  0.4). 

The  basic  idea  in  this  process  is  that  the  critical  value  at  a  certain  a  level  is 
the  (1  —  a)th  percentile.  So,  to  find  the  percentile  corresponding  to  a  certain 
a  level,  the  greatest  plotting  position  less  than  that  percentile  is  found.  Using 
this  value  and  next  to  that,  an  interpolation  could  be  done.  For  instance,  for 
a  =  0.10  the  greatest  percentile  which  could  be  computed  using  n  =  50,000 
and  the  median  plotting  positions  is  found  at  the  45,000th  order  statistics 
which  is  89.99868th  percentile,  and  the  45,001th  order  statistic  would  give  the 
90.00068th  percentile.  Using  an  interpolation,  a  simple  linear  approximation 
can  be  done  between  these  two  points.  And  approximate  value  corresponding 
to  a  =  0.10  or  90tfc  percentile  can  be  computed.  Next  paragraph  will  explain 
how  this  interpolation  could  be  accomplished. 

Any  straight  line  cam  be  expressed  in  the  form  of 

y  =  mx  +  b  (21) 
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where  m  is  the  slope  and  b  is  the  intercept.  Then  using  the  general  interpolation 
formula, 

Vi+i  ~  Vi 
m  = - 

*«+ 1  — 

b  =  yi-  mxi 

In  calculation  of  the  critical  values,  percentiles  or  in  other  words  (1  —  at)  are 
dependent  y  variables,  and  the  critical  values  are  the  values  of  the  independent 
x  variables.  Modifying  the  general  formula  (21),  the  critical  values  are  found 
by 

...  ,  (l-a)-fe 

critical  value  = - 

m 

The  critical  values  for  the  standard  and  the  reflected  tests  were  found  using 
this  method.  For  the  ease  of  the  computer  code,  if  the  consecutive  points 
were  identical,  one  of  them  was  multiplied  by  1.00001  and  the  method  was 
implemented.  The  reason  for  this  procedure  is  that  in  case  of  identical  con¬ 
secutive  X  points,  computed  m  would  be  infinite.  Therefore,  performing  the 
multiplication  the  problem  could  be  prevented. 

For  the  standard  and  the  modified  tests,  critical  values  were  computed  for  the 
significance  levels  of  at  =  0.01,0.05,0.10,0.15,0.20  and  for  each  n  =  5(5),  50  sizes. 
However,  since  to  conduct  a  precise  sequential  test  and  find  the  a  levels  for  it,  all 
critical  values  at  least  for  a  =  0.01  to  a  =  0.20  are  needed.  Therefore  the  codes  were 
modified  and  the  critical  values  for  a  =  0.01  to  a  =  0.99  were  computed. 

In  some  studies,  using  extrapolation  yo  and  yn+i  were  computed.  But,  because 
of  the  very  large  number  of  replications,  these  order  statistics  carry  the  information 
which  is  beyond  the  scope  of  this  thesis.  For  example  the  first  order  statistic  gives 
the  1.399988810-6  percentage  point  which  nobody  would  need  this  much  detailed 
information.  Since  the  linear  approximation  between  y\  and  the  y0  would  give  in¬ 
formation  for  smaller  percentage  points,  there  is  no  need  to  include  yo  in  this  study, 
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neither  ysoooi  because  of  the  same  reason.  Therefore,  for  the  ease  of  computer  codes 
they  were  not  computed. 

4-2.2  Reflected  Teat.  The  only  difference  between  standard  and  the  re¬ 
flected  tests  occurs  after  the  second  step.  Figure  4.2  shows  the  flow-chart  of  the 
critical  value  generation  for  the  reflected  tests.  After  the  MLEs  are  estimated  using 
the  original  sample,  in  reflected  test,  each  deviate  is  reflected  around  A,  the  MLE 
of  the  location  parameter.  First,  the  deviate  is  subtracted  from  the  A  and  then  the 
difference  is  added  to  the  A.  For  example,  if  the  A  of  the  sample  is  1.24  and  the 
deviate  is  65.83,  the  difference  is  -64.59.  Then  -64.59  is  added  to  the  A  to  get  the 
reflected  value  of  -63.35.  For  the  deviate  of  -93.75  with  the  same  A,  the  reflected 
value  is  96.23.  After  the  reflection,  the  sample  size  used  in  computing  the  CDF  and 
the  test  statistics  gets  doubled,  but  the  rest  of  the  procedure  remains  the  same. 

4-2.3  Sequential  Teat.  The  method  used  for  the  sequential  test  is  different 
than  the  other  two  types.  The  critical  values  for  the  sequential  tests  are  computed  in 
a  similar  way  with  the  power  study  described  in  the  next  section.  Since  there  hasn’t 
been  any  computer  code  published  in  the  literature,  it  will  be  useful  to  explain  the 
procedure  for  others’  judgment  and  for  future  use. 

The  sequential  test  uses  two  different  independent  tests  sequentially  and  gen¬ 
erates  its  own  significance  level.  The  procedure  has  been  described  in  Figure  4.3  as 
a  flow-chart.  The  first  five  steps  of  the  procedure  is  the  same  as  the  critical  value 
computation  for  the  standard  test.  The  difference  starts  after  the  test  statistics  are 
obtained.  The  two  different  test  statistics  are  compared  to  the  critical  values  at 
specific  a  levels.  This  procedure  is  done  for  each  of  the  50,000  samples.  The  number 
of  the  samples  passing  each  test  at  those  specific  a  levels  is  counted.  The  ratio  of  the 
number  of  accepted  samples  to  50,000  gives  the  percentage  point.  Then,  subtracting 
that  value  from  one  would  give  the  alpha  level.  To  make  the  understanding  easy, 
let’s  assume  we  keep  track  of  the  teatl  at  a  =  0.05  and  teat2  at  a  =  0.10.  If  a 
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Figure  4.2  Flow  Chart  of  Critical  Value  Generation  For  Reflected  Tests 
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sample  passes  both  tests  at  given  levels,  count  is  increased  by  one.  This  procedure 
is  repeated  for  each  of  the  50,000  samples.  Then  the  significance  level  is  calculated 
as 


a  —  1  — 


#  of  accepted  samples  (count) 
50,000 


To  have  more  precise  significance  levels  for  the  sequential  test  out  of  two  dif¬ 
ferent  independent  tests,  the  individual  tests  have  to  be  applied  at  wide  range  of 
a  levels.  For  this  reason  the  critical  values  for  the  standard  and  the  reflected  K S 
and  V  tests  were  generated  at  a  =  0.01  to  a  =  0.99  by  increment  0.01.  Since  one 
sequential  test  in  this  thesis  includes  reflected  CM  and  V  we  had  to  regenerate  the 
critical  values  for  the  CM  for  both  the  reflected  and  the  standard  case.  The  median 
plotting  position  method  and  50,000  repetition  were  applied  to  this  study,  too. 

The  computer  code  for  the  sequential  test  is  harder  than  the  other  tests.  Be¬ 
cause,  for  each  a  level  of  one  test,  the  other  test  has  to  be  examined  at  each  a  levels 
from  a  =  0.01  to  a  =  0.99.  But,  since  a  levels  greater  than  0.20  are  not  frequently 
used  in  hypothesis  testing,  we  include  only  a  =  0.01  to  a  =  0.20  in  this  research. 
On  the  other  hand,  to  reduce  the  amount  of  the  calculations  in  the  code  and  there¬ 
fore  the  running  time,  I  have  developed  a  matrix-kind  data  structure  to  compute 
a  levels.  The  idea  which  this  method  was  based  on  is  that  if  a  sample  passes  the 
test  at  a  specific  a  level,  then  it  will,  for  sure,  pass  the  test  at  a  levels  smaller  than 
that  particular  level.  Because,  as  the  a  gets  smaller,  the  critical  value,  however,  gets 
bigger.  On  the  other  hand,  since  the  sample  passes  the  test  if  and  only  if  the  test 
statistic  computed  is  smaller  than  or  equal  to  the  critical  value  at  that  a  level,  it 
already  satisfies  to  pass  the  test  at  smaller  a  levels. 

Therefore,  100  times  the  highest  level  at  which  a  sample  can  pass  the  testl  is 
attained  as  /  of  that  sample.  And  J  is  attained,  in  the  same  manner,  for  the  level 
of  the  second  test.  The  reason  of  multiplying  by  100  is  just  to  get  integer  numbers 
which  will  serve  as  the  index  of  the  matrix  defined  below.  After  attaining  I  and 
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Figure  4.3  Flow  Chart  of  Significance  Level  Generation  For  Sequential  Tests 


J  to  the  sample,  all  (i,j)  elements  of  the  matrix  are  added  1,  where  *  =  1 ,...,/ 
and  j  =  1 J.  This  is  done  for  each  of  the  50,000  samples,  and  at  the  end,  the 
(i,j)  elements  of  the  matrix  will  give  the  total  accepted  numbers  of  the  samples  at 
a  =  i  level  of  the  tesil  and  a  =  j  level  of  the  testS.  After  this,  it  is  easy  to  find  the 
significance  level  of  the  sequential  test  for  that  particular  combination.  Then  the  a 
level  of  the  sequential  test  for  the  combination  of  ttstl  at  a  =  t  and  testS  at  a  =  j 
is  found  as 

_  ,  _  («ii) 

asequential  test  1  go  qqq 

where  (i,  j)  represents  the  element  of  the  matrix  created  as  an  output.  The 

codes  were  written  so  that  the  rows  would  represent  the  a  levels  of  the  Kuiper  test, 
and  the  columns  would  represent  the  other  test  corresponding  to  the  pairs  mentioned 
before. 

4-3  Power  Study 

4-3. 1  Power  of  the  Standard  Tests.  After  the  critical  values  are  determined, 
one  other  important  concept  is  to  check  the  power  of  the  test  against  the  alterna¬ 
tive  distributions.  The  significance  levels  give  the  probability  of  rejecting  the  null 
hypothesis  when  it  is  true.  One  would  like  the  reduce  the  probability  of  rejecting  Ha 
when  in  reality  it  is  true.  Also,  one  would  like  to  increase  the  probability  of  rejecting 
the  Ha  when  in  reality  Ha  is  true.  The  latter  gives  the  power  of  the  test.  The  power 
indicates  how  good  the  test  is  against  specific  alternative  distributions.  Therefore 
the  power  of  these  tests  were  examined  against  following  alternative  distributions: 

1.  Cauchy  distribution  C(0, 10) 

2.  Normal  distribution  N( 0, 10) 

3.  Exponential  distribution 

4.  Beta  distribution  B{ 3, 3) 

5.  Gamma  distribution  with  shape  =  2 
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6.  Weibuli  distribution  with  shape  —  3.5 

7.  f-family  with  degrees  of  freedom  of  1, 2, 5, 10, 15, 20. 

Figure  4.4  shows  the  detailed  flow-chart  of  the  power  study  which  is  also  a 
Monte  Carlo  analysis.  Basic  steps  (1-5)  are  the  same  with  those  of  critical  value 
computation.  After  obtaining  the  test  statistics,  they  are  compared  with  the  critical 
values  corresponding  to  the  a  level  of  interest.  The  ratio  of  the  total  number  of  the 
rejected  samples  to  the  total  number  of  samples  (50,000)  at  a  certain  a  level  gives 
the  power  of  the  test  against  that  alternative  distribution  at  that  a  level.  For  the 
power  study,  again  50,000  independent  samples  were  used  for  consistency.  And  the 
power  analysis  has  been  accomplished  for  the  a  levels  of  0.01,0.05,0.10,0.15,0.20 
and  sample  sizes  n  =  5(5),  50.  The  steps  are  explained  below. 

1.  Step  :  Random  deviate  generation.  IMSL  library  has  very  rich  number  of  ran¬ 
dom  generators.  For  the  alternative  distributions  used  in  this  thesis,  samples 
were  generated  using  the  IMSL  subroutines. 

The  alternative  Cauchy  samples  were  generated  with  the  RNCHY  as  before. 
But  different  seed  was  used  to  have  independent  samples.  Thus,  the  real  power 
of  the  test  could  be  checked  along  with  the  accuracy  of  the  computer  code.  Ex¬ 
cept  for  the  alternative  Cauchy,  the  same  seed  was  used  for  all  the  other  alter¬ 
native  distributions  to  get  more  precise  comparison.  For  the  normal  deviates, 
subroutine  RNNOR  was  used  and  N( 0, 1)  deviates  were  generated  using  inverse 
CDF  method  [16:1017].  Then  the  deviates  were  added  with  10  to  get  N( 0, 10). 
The  RNEXP  subroutine  was  used  to  generate  exponential  deviates  with  the 
antithetic  inverse  CDF  technique  [16:999].  Beta  deviates  were  generated  using 
the  subroutine  RNBET.  The  algorithm  used  by  P.NBET  depends  on  the  values 
of  the  parameters  p  and  q.  “Except  for  trivial  cases  of  p  =  1  or  q  =  1,  in  which 
the  inverse  CDF  is  used,  all  the  methods  use  acceptance/rejection”  [16:993]. 
p  =  3  and  q  =  3  were  picked  for  the  power  study  against  the  Beta  distribu- 
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Figure  4.4  Flow  Chart  of  Power  Study  For  Standard  Tests 
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tion.  The  Gamma  deviates  were  generated  using  RNGAM  which  uses  different 
algorithms.  For  instance,  for  shape  parameter  of  0.5  the  squared  and  halved 
normal  deviates,  for  shape  =  1.0  exponential  deviates  are  used  [16:1003].  For 
this  study  shape  was  picked  as  2.  For  the  Weibull  deviates,  RNWIB  was  used 
with  antithetic  inverse  CDF  technique  [16:1025].  IMSL  doesn’t  have  any  sub¬ 
routine  to  generate  t  deviates.  However,  if  Y  has  Standard  Normal  distribution 
(iV(0, 1))  and  Z  has  a  Chi-squared  distribution  with  v  degrees  of  freedom  (x*) 
then  X  =  Ylyfzjv  is  t-distributed  with  v  degrees  of  freedom  [5:164].  Since, 
IMSL  has  RNNOR  and  RNCHI  which  generate  the  standard  normal  and  Chi- 
squared  deviates  respectively,  this  algorithm  were  applied.  First,  the  normal 
deviates  were  generated  and  then  the  Chi-squared  deviates  were  generated. 
Then  the  ratio  of  the  normal  deviates  to  the  square  root  of  Chi-squared  devi¬ 
ates  over  the  degrees  of  freedom  was  taken  as  a  £- deviate. 


2. 

3. 


Step  2-5  :  The  same  methods  used  in  critical  value  computation  was  used. 


Step  6  :  The  test  statistics  are  compared  with  the  critical  values  at  certain  a 
levels  of  corresponding  sample  size.  The  power  is  determined  by  the  following 
equation 


power  = 


#  of  rejected  samples 
50,000 


4-3.2  Power  of  the  Reflected  Tests.  As  in  the  critical  value  computation, 
the  only  difference  between  the  standard  and  the  reflected  tests  is  that  the  sample  is 
reflected  around  the  location  parameter,  A,  after  the  estimation.  Then  the  new  dou¬ 
bled  size  sample  is  manipulated  as  explained  above.  Figure  4.5  shows  the  procedure 
as  a  chart. 


4-3.3  Power  of  the  Sequential  Tests.  The  power  analysis  of  the  sequential 
tests  uses  exactly  the  same  algorithm  as  of  the  significance  level  computation  as 
explained  in  Section  4.2.3.  The  only  difference  is  that,  instead  of  generating  only  the 
Cauchy  variates,  we  generate  the  other  alternative  distributions.  The  flow  chart  of 
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Figure  4.5  Flow  Chart  of  Power  Study  For  Reflected  Tests 
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the  power  study  for  the  sequential  tests  is  shown  on  Figure  4.6.  The  power  studies  for 
the  sequential  tests  have  been  accomplished  against  all  the  alternatives  mentioned 
in  Section  4.3.1  but  the  f-family.  Again  the  samples  were  examined  at  each  a  level  of 
the  both  of  the  tests  and  results  were  derived  again  in  the  same  matrix  form.  Then, 
the  ratio  of  the  total  number  of  accepted  samples  to  50,000  were  subtracted  from 
one  to  obtain  the  power  of  the  sequential  test  at  that  a  level  corresponding  to  that 
combination. 

The  conclusions  about  the  tests  will  be  derived  depending  on  the  results  of  the 
power  studies  and  will  be  presented  in  the  next  two  chapters. 
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Figure  4.6  Flow  Chart  of  Power  Study  For  Sequential  Tests 
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V.  Results 


This  chapter  includes  the  critical  value  tables  and  the  power  study  tables  as 
outlined  in  the  previous  chapter.  For  each  test,  critical  values  were  generated  for  the 
sample  sizes  n  =  5(5)50. 

Any  one  who  wants  to  check  the  data  in  hand  whether  it  comes  from  the 
Cauchy  family  can  easily  use  the  critical  values  generated  as  a  result  of  this  research. 
Basic  steps  of  this  procedure  includes  the  following  : 

1.  Calculate  the  MLEs  from  the  data  using  iterative  method. 

2.  Using  these  MLEs  calculate  the  hypothesized  distribution  function. 

3.  Determine  which  test  you  will  apply  and  then  calculate  the  corresponding  test 
statistics  using  equation  (17),  (18)  or  (19). 

4.  Choose  the  appropriate  table  corresponding  to  the  test  picked  and  the  size  of 
the  sample. 

5.  Find  the  critical  value  corresponding  to  the  a  level  across  the  top  row. 

6.  Compare  the  test  statistic  with  the  critical  value  : 

•  If  it  is  smaller  than  the  critical  value  then  you  fail  to  reject  the  hypothe¬ 
sized  distribution 

•  If  it  is  greater  than  the  critical  value  then  reject  the  hypothesized  distri¬ 
bution,  with  an  error  level  of  a. 

If  at  step  3,  any  one  of  the  reflected  tests  is  picked,  then  the  sample  has  to 
be  reflected  around  the  MLE  of  the  location  parameter.  After  that,  the  procedure 
remains  the  same  accept  for  with  the  doubled  sample  size. 

For  the  sequential  tests,  after  computing  the  test  statistics,  refer  to  the  appro¬ 
priate  table  and  determine  the  a  level  of  the  test.  Then  And  the  corresponding  a 


5-1 


levels  of  the  individual  tests  from  across  the  top  row  and  the  far  left  column.  Then 
apply  those  individual  tests  separately  as  explained  above.  If  the  data  passes  both 
of  the  tests  at  those  levels  then  we  accept  the  hypothesized  distribution.  If  data  fails 
in  either  one,  then  we  reject  the  hypothesis  that  the  data  comes  from  the  Cauchy 
family. 

To  determine  which  test  is  appropriate  for  the  purpose,  power  study  tables 
stand  as  a  key. 

The  following  sections  will  present  the  tables  of  the  critical  values  and  the 
powers  with  the  necessary  information. 

5. 1  Critical  Values 

The  critical  values  for  the  standard  tests  were  generated  for  n  =  5(5),  50  and 
a  =  0.01,0.05, 0.10, 0.15, 0.20.  These  are  shown  on  the  Tables  5. 1-5.2.  For  anyone 
to  be  able  to  apply  sequential  tests  critical  values  for  a  =  0.01  to  a  —  0.99  is  needed. 
Therefore  the  probability  points  from  which  the  significance  levels  could  be  derived 
by  a  =  1  —  pp  are  presented  for  those  tests  used  in  sequential  tests.  Probability 
points  of  the  KS  and  V  tests  are  presented  in  Appendix  C. 

One  discussion  and  disagreement  on  the  critical  values  could  be  that  the  pro¬ 
cedure  could  be  affected  by  the  choice  of  the  plotting  positions  and  the  choice  of 
seeds.  Although  this  is  partially  true,  having  50, 000  iterations  reduces  the  effect  of 
different  plotting  position  methods.  On  the  other  hand  different  seeds  don’t  change 
the  derived  values  significantly.  To  demonstrate  the  difference  which  could  occur  by 
the  different  choice  of  seed  or  plotting  position  methods,  the  codes  were  rerun  with 
these  modifications.  The  arbitrarily  picked  results  shown  in  Table  5.3  indicated  that 
the  first  three  digits  are  significant. 

For  those  who  would  believe  this  was  just  a  coincidence,  the  variance  and  the 
mean  of  the  test  statistics  were  computed  for  the  standard  tests  using  the  IMSL 
subroutine  UVSTA.  Since  each  repetition  produces  an  independent  variable,  the 
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Critical  Value  Tables  For  KS  Test 


Sample  Size 

0.01 

0.05 

0.10 

0.15 

0.20 

5 

0.380567 

0.348933 

0.323392 

0.303510 

0.287831 

10 

0.300736 

0.257959 

0.235709 

0.220736 

0.209504 

is  | 

0.253469 

0.215367 

0.196782 

0.184310 

0.175249 

20 

0.221813 

0.188666 

0.171635 

0.160981 

0.153013 

25 

0.198853 

0.169580 

0.154988 

0.145242 

0.138109 

30 

0.182721 

0.155299 

0.141785 

0.133113 

0.126582 

35 

0.170239 

0.144396 

0.131807 

0.123711 

0.117512 

40  | 

0.159956 

0.135528 

0.123610 

0.116023 

0.110250 

45 

0.151557 

0.128573 

0.117159 

0.110043 

0.104548 

50 

0.142628 

0.122067 

0.111227 

0.104346 

0.0991541 

Table  5.1  Critical  Values  of  Standard  Kolmogorov- Simirnov  Test 


Critical  Value  Tables  For  Kuiper  Test 


Sample  Size 

0.01 

0.05 

0.10 

0.15 

0.20 

5 

0.406213 

0.397407 

0.392542 

0.387390 

0.381950 

10 

0.362358 

0.330308 

0.310818 

0.297784 

0.288634 

15 

0.308774 

0.278230 

0.261920 

0.251576 

0.243568 

20 

0.272266 

0.244890 

0.230918 

0.221941 

0.214768 

25 

0.246377 

0.221437 

0.208693 

0.200177 

0.193583 

30 

0.227202 

0.203890 

0.192283 

0.184601 

0.178265 

35 

0.212538 

0.189974 

0.179019 

0.171636 

0.165903 

40 

0.199685 

0.178778 

0.168041 

0.161187 

0.155927 

45 

0.189803 

0.169454 

0.159004 

0.152553 

0.147584 

50 

0.179543 

0.160997 

0.151704 

0.145487 

0.140647 

Table  5.2  Critical  values  of  Standard  Kuiper  Test 
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mean  of  these  variables  is  normally  distributed  and  has  the  variance  of  ~  where  a1 
is  the  variance  of  the  each  variable.  UVSTA  computes  a  from  the  50, 000  independent 
values.  The  subroutine  uses  n  —  1  in  the  denominator  [16:26].  But  for  the  sample 
size  of  50,000  it  needs  to  be  modified  so  that  it  uses  n  in  the  denominator.  The 
modified  results  were  used  in  computing  the  confidence  intervals.  The  confidence 
interval  were  picked  as  0.95  using  2<r  around  the  mean  and  are  shown  in  Table  5.4. 
These  confidence  intervals  support  the  experimental  results  explained  above.  That 
is,  the  first  three  digits  are  significant. 


Plotting 

positions 

seed 

n  =  5 
a  =  0.01 

n  =  20 
a  =  0.15 

n  =  30 
a  =  0.20 

n  =  40 
a  =  0.10 

n  =  50 
a  =  0.01 

KS  critical  values 

Median 

seedl 

0.308567 

0.160981 

0.126582 

0.123610 

0.142628 

Median 

seed2 

0.380497 

0.160967 

0.126712 

0.123745 

0.142759 

Mean 

seedl 

0.308567 

0.160980 

0.126581 

0.123609 

0.142628 

Mean 

seed2 

0.308476 

0.160967 

0.126712 

0.123744 

0.142755 

V  critical  values 

Median 

seedl 

0.406213 

0.221941 

0.178265 

0.168041 

0.179543 

Median 

seed2 

0.406759 

0.221863 

0.178188 

0.168201 

0.179449 

Mean 

seedl 

0.406208 

0.221941 

0.178265 

0.168040 

0.179542 

Mean 

seed2 

0.406758 

0.221863 

0.178187 

0.168198 

0.179442 

Table  5.3  Comparison  of  different  seed  and  plotting  positions 


Examining  the  tables  reveals  that  the  critical  values  at  each  level  decrease  as 
the  sample  size  increases.  But  the  decrement  reduces  as  the  sample  size  increases. 
This  shows  that  if  the  sample  size  is  increased  to  70  or  80  there  is  a  high  possibility 
that  the  critical  values  would  become  stable  at  certain  values.  In  other  words,  it 
reaches  the  asymptotic  values. 

The  critical  values  for  the  reflected  tests  are  shown  in  Table  5.5  and  Table  5.6. 
Those  tables  show  the  same  kind  of  behavior  as  the  standard  tests. 

One  significant  result  of  the  critical  values  for  reflected  case  is  that  the  critical 
values  of  the  Kuiper  test  are  exactly  twice  of  the  K S  tests’  critical  values.  The 
reason  of  this  can  be  explained  analytically.  Since  reflection  method  makes  the 
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Confidence  Intervals  (/i2<r=F) 


Standard  V 

Standard  KS 

n 

Upper  Level 

Lower  Level 

Upper  Level 

Lower  Leve| 

10 

0.254864 

0.254111 

0.174855 

0.174060 

20 

0.188266 

0.187691 

0.127844 

0.127263 

30 

0.156609 

0.156130 

0.105712 

0.105233 

40 

0.136966 

0.136545 

0.092182 

0.091765 

50 

0.123461 

0.123082 

0.082972 

0.082599 

Table  5.4  95%  Confidence  intervals  for  the  standard  test  critical  values 

sample  exactly  symmetric  around  the  location  parameter,  each  original  data  has  its 
shade  on  the  other  tail  of  the  sample.  Therefore,  the  difference  between  EDF  and 
CDF  is  the  same  for  the  distance  below  CDF  ( D~ )  and  above  the  CDF  (D+).  This 
causes  V  which  is  ( D~  +  D+)  to  be  twice  of  KS  which  is  ma x.(D~ ,  D+).  Then  the 
critical  values  come  up  to  be  twice  of  the  KS  test’s. 

Sequential  tests  were  generated  for  the  same  sample  sizes  as  with  the  other 
tests.  But  the  individual  levels  were  applied  at  a  =  0.01  toa  =  0.20.  The  resulting 
significance  levels  were  displayed  on  Tables  5.7-5.8-5.9  for  CM  —  V,  CM  [Ref)  —  V 
and  KS  —  V  respectively.  For  any  significance  level  of  the  sequential  tests,  the 
critical  values  are  found  from  the  corresponding  tables  of  the  individual  tests  at  the 
corresponding  a  levels  which  makes  that  combination.  The  critical  values  for  the 
CM  and  CM(Ref)  were  regenerated  for  a  =  0.01  to  a  =  0.20.  These  values  are 
presented  in  Appendix  C. 
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Critical  Value  Tables  For  Reflected  Kolmogorov-  Simirnof  Test 


Sample  Size 

0.01 

0.05 

0.10 

0.15 

0.20 

5  | 

0.189259 

0.174465 

0.163567 

0.155546 

0.149005 

10 

0.152496 

0.132005 

0.121476 

0.114804 

0.109569 

is  1 

0.127946 

0.109796 

0.101152 

0.0953480 

0.0911097 

20 

0.111987 

0.0962494 

0.0884780 

0.0836405 

0.0798408 

25 

0.100054 

0.0866854 

0.0795794 

0.0750562 

0.0717741 

30 

0.0921714 

0.0796089 

0.0730191 

0.0689407 

0.0658787 

35 

0.0861675 

0.0741554 

0.0682073 

0.0643613 

0.0613910 

40 

0.0806550 

0.0693129 

0.0637385 

0.0602629 

0.0575298 

45 

0.0761050 

0.0656666 

0.0604009 

0.0570317 

0.0544294 

50 

0.0727273 

0.0623701 

0.0573534 

0.0541432 

0.0516491 

Table  5.5  Critical  Values  of  Reflected  Kolmogorov- Simirnof  Test 


Critical  Value  Tables  For  Reflected  Kuiper  Test 


Sample  Size 

0.01 

0.05 

0.10 

0.15 

0.20 

5 

0.378519 

0.348929 

0.327134 

0.311092 

0.298009 

10 

0.304992 

0.264009 

0.242952 

0.229608 

0.219137 

15 

0.255892 

0.219592 

0.202303 

0.190696 

0.182219 

20 

0.223974 

0.192499 

0.176956 

0.167281 

0.159682 

25 

0.200109 

0.173371 

0.159159 

0.150112 

0.143548 

30 

0.184343 

0.159218 

0.146038 

0.137881 

0.131757 

35 

0.172335 

0.148311 

0.136414 

0.128723 

0.122782 

40 

0.161310 

0.138626 

0.127477 

0.120526 

0.115060 

45 

0.152210 

0.131333 

0.120802 

0.114063 

0.108859 

50 

0.145455 

0.124740 

0.114707 

0.108286 

0.103298 

Table  5.6  Critical  Values  of  Reflected  Kuiper  Test 
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Table  5.7  Significance  levels  of  CM  —  V  sequential  test 
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Table  5.7  (Coatisved) 
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Table  5.8  Significance  levels  of  KS  —  V  sequential  tests 


Significance  level*  for  C M(Ref) 
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Table  5.9  Signiicance  levels  of  KS  —  V  sequential  test 
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Table  5.0  (Coatiaaed) 


Significance  level*  for  K S  —  V  Seqccatinl  tc*t  for 


5-19 


Table  6.9  (Contiated) 


Table  5.0  (Coatiaaed) 
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Table  5.9  (Coatiaued) 


5.2  Power  Analysis 

The  power  analysis  helps  to  examine  which  test  is  more  powerful  and  efficient 
against  specific  alternative  distributions. 

There  are  three  common  results  of  the  power  tests.  First,  els  the  a  level  in¬ 
creases  the  power  increases.  This  is  not  surprising,  because  as  the  type  I  error 
increases,  type  II  error  decreases,  therefore  the  power  increases.  The  second  com¬ 
mon  result  appears  to  be  that  as  the  sample  size  increases  the  power  increases.  This 
is  also  a  common  sense,  because  larger  samples  carry  much  more  information  than 
the  smaller  ones.  Finally,  the  theory  that  the  Cauchy  is  a  member  of  t-family  with 
degrees  of  freedom  1  was  proved  by  the  power  results  of  the  standard  tests  against 
<(1).  The  powers  are  very  close  to  the  corresponding  a  levels  even  for  <(2).  On 
the  other  hand,  the  idea  that  the  Cauchy  would  give  a  good  approximation  to  the 
normal  was  partially  proved,  too.  But,  as  the  sample  size  increases  more  than  15,  it 
becomes  obvious  that  the  power  goes  up.  That  is  because  the  larger  samples  help  to 
distinguish  the  larger  tails  of  the  Cauchy  distribution.  So,  it  could  be,  with  a  high 
confidence,  said  that  the  Cauchy  could  be  used  to  approximate  the  normal  distribu¬ 
tion  with  a  sample  size  up  to  15.  Next  sections  will  discuss  the  powers  of  the  three 
test  types. 

5.2.1  Power  Analysis  of  the  Standard  Teats.  The  power  tables  of  KS 
test  were  presented  in  the  Tables  5.10-5.11.  The  results  for  the  KS  test  support 
the  conclusions  of  Ocasio’s  thesis.  KS  test  has  very  high  powers  against  both  the 
symmetric  and  the  non-symmetric  distributions.  Compared  to  the  CM  and  A2  tests 
for  f  'ie  standard  and  even  sometimes  for  the  reflected  cases  of  those,  standard  KS 
is  more  powerful. 

The  results  for  the  Kuiper  test  presented  in  the  Tables  5.12-5.13  show  that 
V  is  the  most  powerful  test  among  those  studied  so  far  for  the  Cauchy  distribution 
as  hypothesized.  V  has  at  least  twice  the  power  of  KS  against  the  t  —  family. 
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Specifically,  while  the  power  is  around  twice  of  the  KS  at  a  =  0.20  and  a  =  0.15,  it 
goes  up  a  lot  more  than  twice  for  a  =  0.01,  a  =  0.05,  a  =  0.10.  For  example  for  t(5) 
and  n  =  50,  while  the  power  of  KS  is  0.01578  at  a  =  0.01,  the  Kuiper  has  0.28728 
which  is  almost  18  times  better  than  the  one  K-S  has.  This  ratio  goes  up  to  20 
for  the  t(  15)  and  t(20)  at  the  same  level  and  for  the  same  sample  size.  For  smaller 
samples  like  n  =  10, 15,  V  has  almost  5-7  times  better  powers  than  KS  does. 

The  same  behavior  of  the  Kuiper  test  is  observed  against  the  Normal,  Beta, 
Gamma  and  Weibull  distributions.  For  the  Gamma,  even  though  the  power  doesn’t 
go  up  as  much  as  in  the  other  distributions,  it  is  still  around  150%  —  300%  better  than 
KS.  Since  the  Gamma  used  in  this  study  is  non-symmetric  (but  not  too  skewed), 
KS  has  better  power  than  it  has  against  others. 

For  exponential  distribution,  both  tests  have  approximately  the  same  powers 
with  KS  having  slightly  bigger  values  at  larger  a  levels  and  V  having  slightly  better 
values  at  smaller  a  levels  (a  =  0.01,0.05,0.10).  It  has  to  be  mentioned  that  both 
of  the  tests  reach  their  highest  power  levels  against  the  exponential  distribution.  In 
general,  after  sample  size  gets  more  than  25  for  every  a  level,  the  powers  fall  in  the 
range  of  0.90  —  0.99. 

The  power  results  against  the  exponential  and  the  Gamma  show  that  both 
tests  are  very  good  against  non-symmetric  distributions  like  exponential.  But,  V 
test  has  better  power  against  non-symmetric  but  skewed  two  tail  distributions. 

5.2.2  Power  Analysis  of  the  Reflected  Tests.  The  power  results  of  the 
reflected  tests  are  interesting.  The  powers  of  both  the  K S  and  the  V  tests  turned 
out  exactly  the  same  for  the  reflected  study  as  seen  in  the  Tables  5.14-5.15.  But  as 
explained  above  V  statistic  has  always  twice  of  the  value  of  KS  statistic,  and  the 
critical  values  for  V  are  twice  of  KS’.  Therefore,  even  though  the  values  are  different, 
because  of  the  same  ratio  in  the  statistics  and  the  critical  values,  the  powers  turn 
out  to  be  the  same. 
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On  the  other  hand,  the  expected  result  was  reached  with  the  improvement 
in  the  power  compared  to  the  standard  cases.  For  symmetric  or  nearly  symmetric 
distributions  (in  this  study  t- family,  Normal,  Beta  and  Weibull),  the  reflection  tech¬ 
nique  increases  the  power.  The  reflected  test  method  doesn’t  get  any  improvement 
for  the  sample  size  n  =  5.  In  fact,  it  resulted  worse  for  the  V  test  than  its  standard 
test.  But  as  the  sample  gets  bigger,  the  improvement  in  the  power  starts  showing 
up.  As  noticed  from  the  tables  the  improvement  in  the  reflected  V  test  is  not  as 
much  as  in  the  reflected  KS  test.  Because,  even  for  the  standard  case  V  test  alone 
has  real  high  powers  compared  to  the  KS  test.  Even  though  they  both  have  the 
same  powers  in  the  reflected  case,  the  KS  has  much  more  improvement  than  the 
Kuiper  because  of  its  relatively  lower  power  in  the  standard  test. 

The  reflected  test  doesn’t  improve  the  power  against  non-symmetric  distribu¬ 
tions.  Examining  the  powers  for  the  exponential  distribution  in  reflected  tests  reveals 
that  the  power  goes  at  least  half  way  down  compared  to  those  in  the  standard  tests. 
This  result  was  expected  prior  to  the  study.  Because  the  intuitive  analysis  would 
indicate  that  even  if  the  sample  is  not  symmetric,  reflecting  it  about  the  location 
parameter  would  make  it  perfectly  symmetric  anyway.  The  same  kind  of  reduction  in 
the  power  is  observed  for  the  Gamma,  too.  Because  the  Gamma  distribution  picked 
for  the  power  study  had  shape  parameter  2  which  makes  it  non-symmetric.  But  the 
reduction  is  not  as  much  as  in  the  exponential  distribution,  because  although  the 
Gamma  is  not  symmetric  it  is  still  two  tailed  distribution.  However  the  power  is  still 
low  compared  to  the  standard  tests. 

5.2.3  Power  Analysis  of  Sequential  Tests.  The  analysis  of  the  sequential 
tests  is  much  harder  than  the  other  two  types.  One  reason  for  this  is  that  the 
sequential  tests  doesn’t  have  exact  significance  levels  such  as  a  =  0.05  or  a  =  0.1C 
Very  close  levels  were  derived,  however  each  level  closer  to  those  exact  a  levels 
have  different  combinations  of  the  two  tests.  And  different  combinations  resulted  in 
different  power  levels.  For  example,  very  close  levels  to  a  =  0.10  give  different  power 
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levels  in  the  range  of  0.35  —  0.85  for  the  sequential  test  of  CM  (Ref)  —  V  against 
exponential.  But  the  limits  of  this  range  are  determined  by  the  extreme  points  as 
seen  on  the  graphs.  The  graphs  show  that  the  real  range  after  disregarding  those 
extreme  points  is  around  0.60  —  0.80. 

The  closer  examination  shows  that  the  variance  in  the  power  differs  from  test 
to  test  and  depending  on  the  alter  native  distributions. 

The  CM  —  V  sequential  test  gives  very  small  variance  in  the  power  against 
exponential  and  relatively  small  variance  against  the  Gamma  distributions.  It  seems 
like  since  both  tests  have  higher  powers  against  non-symmetric  distributions  the  se¬ 
quential  test  turns  out  to  be  more  powerful  against  non-symmetric  distributions.  On 
the  other  hand,  even  though  the  Kuiper  test  is  powerful  against  symmetric  distri¬ 
butions,  CM’ s  less  power  causes  the  large  variance  in  the  power  against  symmetric 
distributions.  In  the  combinations,  as  the  a  level  of  V  decreases  and  a  level  of 
CM  increases,  the  power  goes  down.  The  power  study  results  for  this  test  are  in¬ 
cluded  in  Appendix  D.  Here  only  the  results  for  n  —  25  and  n  =  50  are  presented  in 
Tables  5.16-5.21  along  with  the  graphs  (Figure  5.1  through  Figure  5.4). 

Moore  and  Yen  showed  that  the  reflection  technique  improved  the  power  of 
CM  test  against  symmetric  distributions  [23].  Therefore  the  sequential  test  of 
CM  (Ref)  —  V  turned  out  to  have  very  low  variance  in  the  power  against  sym¬ 
metric  distributions.  The  complete  power  results  of  this  sequential  test  are  included 
in  Appendix  E  along  with  the  graphs.  Since  the  reflection  has  negative  effect  on 
the  power  against  non-symmetric  distributions,  the  large  variance  in  the  power  for 
the  exponential  and  the  Gamma  is  observed  in  this  sequential  test.  But  for  all  of 
the  symmetric  distributions  the  power  has  very  low  variance.  The  power  results  for 
n  =  25  and  n  =  50  are  shown  in  the  Tables  5.22-5.27.  The  powers  are  plotted  for 
these  cases  in  Figures  5.6-5.10. 

The  last  sequential  test  which  is  the  combination  of  K S  and  V  has  the  same 
kind  of  behavior  as  CM  and  V  sequential  test.  Because  of  the  relatively  low  power 
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of  KS  against  symmetric  distributions,  the  power  against  those  has  large  variance 
depending  on  the  a  level  combinations.  But  both  tests  have  very  high  powers 
against  non-symmetric  distributions.  Therefore  powers  against  the  exponential  and 
the  Gamma  turned  out  to  have  almost  no  variance.  The  results  for  n  =  25  and 
n  =  50  are  shown  in  Tables  5.28-5.33  and  corresponding  graphs  are  presented  in  the 
Figures  5.11-5.15.  The  complete  results  and  the  graphs  are  in  the  Appendix  F. 

In  the  graphs,  as- axis  is  the  significance  levels  and  y-axis  is  the  power  levels. 
The  continuous  lines  represent  the  power  level  of  the  sequential  tests,  “o”  represents 
the  power  levels  of  the  Kuiper  test  while  represent  the  power  levels  of  the  other 
individual  test  used  in  the  sequential  test. 

For  symmetric  distributions,  the  power  of  a  sequential  test  at  any  a  level  is 
somewhere  between  the  power  of  the  two  individual  tests  at  the  same  a  levels.  This 
indicates  that  sequential  test  improves  the  power  of  the  individual  test  other  than  V, 
while  reduces  the  power  of  V.  On  the  other  hand,  for  non-symmetric  distributions, 
sequential  test  reduces  the  power  for  both  of  the  tests.  As  seen  on  the  graphs,  the 
power  levels  of  each  of  the  three  sequential  tests  are  lower  than  the  power  levels  of 
the  individual  tests  against  the  exponential  and  the  Gamma  distributions. 


5-26 


Power  Study  Results  For  K-S  Test 


j 


n 

a 

Cauchy 

Normal 

Exp 

Beta 

Gamma 

Weibull 

0.19872 

0.17868 

0.29752 

0.19826 

0.23128 

0.18206 

0.15170 

0.13130 

0.23278 

0.14688 

0.17502 

0.13438 

5 

0.10128 

0.08084 

0.15894 

0.09428 

0.11416 

0.08292 

.05 

0.05178 

0.03668 

0.08302 

0.04182 

0.05252 

0.03758 

.01 

0.00994 

0.00680 

0.01634 

0.00702 

0.00864 

0.00698 

0.20302 

0.19116 

0.53804 

0.23762 

0.34850 

0.19766 

0.15332 

0.13758 

0.45748 

0.17708 

0.27306 

0.14284 

10 

0.09984 

0.08546 

0.35516 

0.11470 

0.19080 

0.08924 

.05 

0.04948 

0.04006 

0.22460 

0.05692 

0.10360 

0.04202 

.01 

0.01034 

0.00748 

0.06870 

0.01016 

0.02368 

0.00776 

0.19562 

0.21444 

0.75338 

0.30280 

0.49416 

0.22520 

0.14724 

0.15780 

0.68348 

0.23082 

0.40774 

0.16570 

15 

0.09638 

0.10062 

0.58120 

0.15276 

0.30054 

0.10692 

.05 

0.04896 

0.04782 

0.42168 

0.07776 

0.17690 

0.05056 

.01 

0.00916 

0.00840 

0.15976 

0.01430 

0.04224 

0.00908 

0.19782 

0.25642 

0.90126 

0.38792 

0.65654 

0.27188 

0.14988 

0.18914 

0.85620 

0.29832 

0.56598 

0.20094 

20 

0.09906 

0.12044 

0.78388 

0.20064 

0.44592 

0.13054 

.05 

0.04982 

0.05532 

0.63516 

0.09884 

0.27746 

0.05890 

.01 

0.00942 

0.00950 

0.31826 

0.02084 

0.07908 

0.01058 

.20 

0.19874 

0.29946 

0.96746 

0.49338 

0.79244 

0.32280 

.15 

0.14876 

0.22034 

0.94658 

0.39132 

0.71556 

0.23856 

25 

.10 

0.09876 

0.13878 

0.90544 

0.27096 

0.59596 

0.15124 

.05 

0.05038 

0.06386 

0.81270 

0.14090 

0.41248 

0.07040 

.01 

0.01026 

0.01146 

0.51956 

0.02962 

0.13880 

0.01276 

Table  5.10  Power  tables  of  Standard  Kolmogorov-Simirnov  Test  against 
alternatives 
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Power  Study  Results  For  K-S  Test 


n 

a 

Cauchy 

Normal 

Exp 

Beta 

Gamma 

Weibull 

.20 

0.20076 

0.35546 

0.99126 

0.60914 

0.89260 

0.38792 

.15 

0.15220 

0.26310 

0.98434 

0.49778 

0.83548 

0.29038 

30 

.10 

0.10258 

0.17060 

0.96802 

0.36196 

0.73930 

0.18860 

.05 

0.05046 

0.08070 

0.92040 

0.20050 

0.56018 

0.09012 

.01 

0.00994 

0.01308 

0.69892 

0.19862 

0.22260 

0.01486 

0.19940 

0.41770 

0.99828 

0.71910 

0.94944 

0.46190 

0.14868 

0.31272 

0.99644 

0.60840 

0.91298 

0.34956 

35 

0.09898 

0.20442 

0.99104 

0.46024 

0.84712 

0.22898 

.05 

0.04936 

0.09720 

0.97004 

0.26170 

0.69586 

0.10968 

.01 

0.00956 

0.01536 

0.83518 

0.05608 

0.32220 

0.01816 

.20 

0.19890 

0.48422 

0.99980 

0.81032 

0.97914 

0.53692 

.15 

0.14924 

0.37200 

0.99926 

0.71266 

0.95964 

0.41870 

40 

.10 

0.10086 

0.24594 

0.99816 

0.56732 

0.91814 

0.28192 

.05 

0.05074 

0.11378 

0.99168 

0.34342 

0.80822 

0.13178 

.01 

0.00926 

0.01792 

0.92128 

0.07950 

0.44006 

0.02094 

.20 

0.19962 

0.53726 

0.99998 

0.88040 

0.99268 

0.59768 

.15 

0.14812 

0.41846 

0.99992 

0.80140 

0.98308 

0.47324 

45 

.10 

0.09874 

0.28518 

0.99960 

0.66820 

0.96108 

0.32928 

.05 

0.04846 

0.13500 

0.99748 

0.42924 

0.88594 

0.15944 

.01 

0.00902 

0.02120 

0.96648 

0.10756 

0.55966 

0.02560 

0.20106 

0.61240 

0.99998 

0.92992 

0.99758 

0.67990 

0.15134 

0.48902 

0.99996 

0.87284 

0.99434 

0.55526 

50 

0.09972 

0.33930 

0.99984 

0.76258 

0.98348 

0.39556 

.05 

0.04874 

0.16590 

0.99944 

0.53642 

0.93942 

0.19862 

.01 

0.01008 

0.02834 

0.99002 

0.17026 

0.70770 

0.03460 

Table  5.10  (Continued) 
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n 

a 

‘(i) 

1(2) 

t(5) 

t(10) 

t(15) 

t(20) 

0.19864 

0.16798 

0.16860 

0.17340 

0.17470 

0.17364 

0.14982 

0.12198 

0.12300 

0.12580 

0.12936 

0.12734 

5 

0.10026 

0.07804 

0.07658 

0.07964 

0.07838 

0.07948 

.05 

0.05080 

0.03560 

0.03456 

0.03570 

0.03398 

0.03638 

.01 

0.01080 

0.00572 

0.00550 

0.00550 

0.00524 

0.00542 

0.20318 

0.16962 

0.17238 

0.17644 

0.18104 

0.18536 

0.15344 

0.12282 

0.12358 

0.12662 

0.13104 

0.13420 

10 

0.10214 

0.07714 

0.07784 

0.07802 

0.08342 

0.08452 

.05 

0.04964 

0.03556 

0.03626 

0.03668 

0.03774 

0.03964 

.01 

0.00954 

0.00698 

0.00692 

0.00700 

0.00684 

0.00734 

0.19430 

0.17122 

0.18872 

0.20152 

0.20478 

0.20836 

0.14534 

0.12452 

0.13782 

0.14648 

0.14822 

0.14980 

15 

0.09548 

0.07688 

0.08506 

0.09218 

0.09386 

0.09554 

.05 

0.04942 

0.03578 

0.03886 

0.04232 

0.04520 

0.04430 

.01 

0.00972 

0.00558 

0.00632 

0.00698 

0.00706 

0.00714 

0.20064 

0.18226 

0.20980 

0.22822 

0.23764 

0.24490 

0.15114 

0.13182 

0.15208 

0.16628 

0.17398 

0.17862 

20 

0.10020 

0.08326 

0.09570 

0.10434 

0.11096 

0.11216 

.05 

0.04856 

0.03714 

0.04240 

0.04524 

0.04936 

0.05022 

.01 

0.00826 

0.00614 

0.00696 

0.00702 

0.00788 

0.00762 

0.19890 

0.18830 

0.23370 

0.26462 

0.27454 

0.28048 

0.15008 

0.13738 

0.16932 

0.19242 

0.20004 

0.20604 

25 

0.09860 

0.08528 

0.10574 

0.11908 

0.12632 

0.12842 

.05 

0.05076 

0.03900 

0.04836 

0.05520 

0.05810 

0.06022 

.01 

0.01050 

0.00594 

0.00804 

0  00898 

0.00998 

0.01044 

Table  5.11  Power  tables  of  Standard  Kolmogorov- Simirnov  Test  against  t-family 
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n 

a 

»(i) 

t(2) 

t(5) 

‘(10) 

‘(15) 

t(20) 

0.20328 

0.19964 

0.26660 

0.30668 

0.31758 

0.33008 

0.15378 

0.14662 

0.19402 

0.22658 

0.23362 

0.24624 

30 

0.10118 

0.09286 

0.12230 

0.14350 

0.15006 

0.15784 

.05 

0.05056 

0.04232 

0.05604 

0.06734 

0.06844 

0.07054 

.01 

0.01024 

0.00660 

0.00850 

0.01170 

0.01048 

0.01050 

.20 

0.20358 

0.21244 

0.30080 

0.35398 

0.36786 

0.38082 

.15 

0.15166 

0.15382 

0.21966 

0.25990 

0.27364 

0.28512 

35 

.10 

0.10156 

0.09694 

0.13918 

0.16468 

0.17568 

0.18486 

.05 

0.05104 

0.04498 

0.06448 

0.07490 

0.08034 

0.08690 

.01 

0.00974 

0.00654 

0.01012 

0.01156 

0.01224 

0.01374 

0.19840 

0.22160 

0.33244 

0.39858 

0.42852 

0.43534 

0.14962 

0.16094 

0.24538 

0.29820 

0.32360 

0.32764 

40 

0.09996 

0.10430 

0.15722 

0.19502 

0.20974 

0.21456 

.05 

0.05058 

0.04776 

0.07042 

0.09236 

0.09652 

0.10024 

.01 

0.01014 

0.00726 

0.01142 

0.01398 

0.01420 

0.01486 

0.19876 

0.22736 

0.36210 

0.44428 

0.47336 

0.49304 

0.14890 

0.16686 

0.27070 

0.33466 

0.36124 

0.37630 

45 

0.09910 

0.10766 

0.17558 

0.22370 

0.23996 

0.25162 

.05 

0.04938 

0.04904 

0.07940 

0.10356 

0.11166 

0.11506 

.01 

0.00962 

0.00698 

0.01134 

0.01554 

0.01660 

0.01692 

0.19870 

0.24014 

0.40770 

0.50356 

0.53432 

0.55408 

0.14954 

0.17522 

0.30444 

0.38946 

0.41628 

0.43114 

50 

0.09868 

0.11146 

0.19704 

0.26118 

0.28034 

0.29712 

.05 

0.04920 

0.05038 

0.08912 

0.12222 

0.13388 

0.14220 

.01 

0.01010 

0.00876 

0.01578 

0.02132 

0.02396 

0.02518 

Table  5.11  (Continued) 
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Power  Study  Results  For  Kuiper  Test 


n 

a 

Cauchy 

Normal 

Exp 

Beta 

Gamma 

Weibull 

0.20154 

0.25968 

0.31602 

0.28248 

0.27724 

0.26616 

0.15200 

0.19886 

0.24602 

0.21644 

0.21336 

0.20366 

5 

0.10210 

0.13522 

0.17090 

0.14828 

0.14454 

0.13868 

.05 

0.05000 

0.07170 

0.09346 

0.07814 

0.07468 

0.07370 

.01 

0.01114 

0.01678 

0.02300 

0.01974 

0.01856 

0.01746 

0.19824 

0.37468 

0.53282 

0.45746 

0.44066 

0.39338 

0.14796 

0.30216 

0.45670 

0.38148 

0.36738 

0.31946 

10 

0.09940 

0.22288 

0.36140 

0.29358 

0.27872 

0.23824 

.05 

0.04852 

0.12654 

0.23374 

0.17858 

0.16634 

0.13676 

.01 

0.00900 

0.03168 

0.07558 

0.04954 

0.04500 

0.03554 

.20 

0.20028 

0.50046 

0.74208 

0.64228 

0.60832 

0.53252 

.15 

0.15028 

0.42156 

0.67740 

0.56674 

0.53328 

0.45452 

15 

.10 

0.10190 

0.33062 

0.58842 

0.47100 

0.43958 

0.35992 

.05 

0.04978 

0.20936 

0.44104 

0.32494 

0.30242 

0.23180 

.01 

0.00978 

0.06702 

0.19404 

0.12152 

0.10842 

0.07666 

0.19696 

0.61216 

0.87632 

0.77992 

0.75238 

0.65466 

0.14968 

0.53650 

0.83228 

0.71734 

0.68640 

0.57966 

20 

0.10204 

0.44214 

0.76728 

0.63184 

0.59636 

0.48594 

.05 

0.05244 

0.30680 

0.64656 

0.48892 

0.45050 

0.34632 

.01 

0.01094 

0.11350 

0.37458 

0.23994 

0.20170 

0.13446 

0.20042 

0.71976 

0.95204 

0.88574 

0.86306 

0.76600 

0.15046 

0.65034 

0.92912 

0.84184 

0.81276 

0.69972 

25 

0.10092 

0.55342 

0.88992 

0.77190 

0.73614 

0.60714 

.05 

0.05204 

0.40758 

0.80510 

0.64616 

0.60226 

0.46300 

.01 

0.01108 

0.17592 

0.56268 

0.36730 

0.31968 

0.21046 

Table  5.12  Power  tables  of  Standard  Kuiper  Test  against  alternatives 
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Power  Study  Results  For  Kuiper  Test 


n 

a 

Cauchy 

Exp 

Beta 

Gamma 

Weibull 

0.19928 

0.80208 

0.98340 

0.94400 

0.92758 

0.84636 

0.14814 

0.73922 

0.97328 

0.91564 

0.89384 

0.79026 

30 

0.10048 

0.65338 

0.95406 

0.86952 

0.84062 

0.71282 

.05 

0.05162 

0.51078 

0.90622 

0.77658 

0.73144 

0.57690 

.01 

0.01136 

0.24562 

0.72788 

0.51244 

0.45060 

0.29512 

0.19746 

0.86844 

0.99472 

0.97634 

0.96576 

0.90736 

0.14942 

0.81948 

0.99126 

0.96164 

0.94626 

0.86708 

35 

0.09962 

0.74432 

0.98298 

0.93358 

0.91028 

0.80250 

.05 

0.05198 

0.61068 

0.95978 

0.86910 

0.82976 

0.68256 

.01 

0.01040 

0.32184 

0.84530 

0.63938 

0.57482 

0.38980 

0.20068 

0.91466 

0.99892 

0.99100 

0.98454 

0.94568 

0.15022 

0.87982 

0.99796 

0.98434 

0.97406 

0.91834 

40 

0.10092 

0.81748 

0.99540 

0.96882 

0.95442 

0.87210 

.05 

0.05114 

0.69638 

0.98588 

0.93022 

0.90020 

0.76754 

.01 

0.01078 

0.41302 

0.92354 

0.75952 

0.69724 

0.49442 

0.20268 

0.94682 

0.99982 

0.99694 

0.99428 

0.96938 

0.15298 

0.92056 

0.99960 

0.99402 

0.98966 

0.95236 

45 

0.10170 

0.87464 

0.99866 

0.98772 

0.97928 

0.91976 

.05 

0.04974 

0.77064 

0.99518 

0.96532 

0.94668 

0.83882 

.01 

0.00896 

0.49148 

0.96460 

0.84608 

0.78918 

0.58094 

0.19826 

0.96816 

0.99994 

0.99890 

0.99804 

0.98444 

0.14792 

0.94840 

0.99990 

0.99798 

0.99584 

0.97294 

50 

0.09872 

0.91488 

0.99962 

0.99522 

0.99108 

0.95048 

.05 

0.05054 

0.83888 

0.99870 

0.98498 

0.97430 

0.89542 

.01 

0.00994 

0.59560 

0.98748 

0.91632 

0.87948 

0.69056 

Table  5.12  (Continued) 
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n 

a 

t(D 

t(2) 

‘(5)  ‘ 

<(10) 

<(15) 

t(20) 

0.19898 

0.21214 

0.23754 

0.24750 

0.25202 

0.25008 

0.14674 

0.15720 

0.17948 

0.18660 

0.19150 

0.18884 

5 

0.09786 

0.10640 

0.12126 

0.12634 

0.12948 

0.12892 

.05 

0.04878 

0.05424 

0.06474 

0.06516 

0.06714 

0.06710 

.01 

0.00996 

0.01292 

0.01504 

0.01536 

0.01692 

0.01578 

0.19720 

0.24270 

0.31150 

0.33566 

0.35152 

0.36022 

0.14694 

0.18584 

0.24714 

0.26950 

0.28334 

0.29028 

10 

0.09786 

0.12632 

0.17564 

0.19562 

0.20460 

0.21044 

.05 

0.04806 

0.06748 

0.09628 

0.10704 

0.11494 

0.11832 

.01 

0.00858 

0.01350 

0.02194 

0.02636 

0.02864 

0.02872 

.20 

0.19752 

0.27120 

0.39084 

0.44276 

0.45884 

0.47024 

.15 

0.14752 

0.21240 

0.32104 

0.36900 

0.38498 

0.39506 

15 

.10 

0.10070 

0.14886 

0.23980 

0.28314 

0.29748 

0.30666 

.05 

0.05008 

0.07990 

0.14360 

0.17048 

0.18504 

0.18862 

.01 

0.00976 

0.01940 

0.03932 

0.05106 

0.05588 

0.05768 

0.19924 

0.30000 

0.46344 

0.53488 

0.56260 

0.57726 

0.14834 

0.23720 

0.38934 

0.45758 

0.48602 

0.50122 

20 

0.10196 

0.17172 

0.30278 

0.36670 

0.39454 

0.40548 

.05 

0.05070 

0.09794 

0.19060 

0.24112 

0.26358 

0.27478 

.01 

0.01016 

0.02432 

0.05864 

0.08420 

0.09264 

0.09698 

0.20340 

0.33114 

0.54728 

0.63636 

0.66308 

0.68114 

0.15186 

0.26538 

0.46976 

0.56156 

0.58658 

0.60762 

25 

.10 

0.10156 

0.19232 

0.37616 

0.46192 

0.48678 

0.50768 

.05 

0.05166 

0.11010 

0.24770 

0.32462 

0.34646 

0.36546 

.01 

0.01122 

0.03056 

0.08612 

0.12580 

0.13940 

0.14834 

Table  5.13  Power  tables  of  Standard  Kuiper  Test  against  f -family 
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Power  Study  Results  For  Kuiper  Test 


‘(1) 

t(2) 

t(5) 

t(io) 

‘(15) 

t(20) 

0.20078 

0.35524 

0.61464 

0.71334 

0.74338 

0.75734 

0.14902 

0.28606 

0.53408 

0.63992 

0.67346 

0.68734 

0.10012 

0.21348 

0.43914 

0.54804 

0.58052 

0.59698 

0.05186 

0.12714 

0.30546 

0.40502 

0.43832 

0.45356 

0.01126 

0.03606 

0.11898 

0.17326 

0.19276 

0.20734 

0.20088 

0.38970 

0.67914 

0.77978 

0.81430 

0.82574 

0.15074 

0.31954 

0.60542 

0.71554 

0.75424 

0.76826 

0.10192 

0.23704 

0.50794 

0.62704 

0.66494 

0.68594 

0.05204 

0.14264 

0.36980 

0.48348 

0.52492 

0.54706 

0.01020 

0.04090 

0.14844 

0.22200 

0.25218 

0.27086 

0.19922 

0.41672 

0.73676 

0.83864 

0.86844 

0.87808 

0.14920 

0.34604 

0.67128 

0.78644 

0.82214 

0.83404 

0.10076 

0.26494 

0.57716 

0.70524 

0.74778 

0.76198 

0.05128 

0.16214 

0.43130 

0.56008 

0.60890 

0.62796 

0.00990 

0.04824 

0.18920 

0.28448 

0.32900 

0.34408 

0.19920 

0.43994 

0.78740 

0.88250 

0.90766 

0.92154 

0.15110 

0.36846 

0.72654 

0.83866 

0.86966 

0.88536 

0.10240 

0.28706 

0.63844 

0.76852 

0.80772 

0.82806 

0.04992 

0.17740 

0.48532 

0.63382 

0.68126 

0.70754 

0.00974 

0.05358 

0.22658 

0.34396 

0.38952 

0.41678 

0.19546 

0.46598 

0.83180 

0.91626 

0.93896 

0.94574 

0.14616 

0.39426 

0.77560 

0.88122 

0.90972 

0.91938 

0.09692 

0.30510 

0.69508 

0.82296 

0.86000 

0.87342 

0.04858 

0.19832 

0.55464 

0.71162 

0.75746 

0.77846 

0.01010 

0.06646 

0.28728 

0.43346 

0.48538 

0.51258 
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Power  Study  Tables  For  Reflected  K-S  and  Kuiper  Test 


j 


n 

a 

Cauchy 

Normal 

Exp 

Beta 

Gamma 

Weibull 

0.20092 

0.17514 

0.21296 

0.18842 

0.18892 

0.17868 

0.14978 

0.12548 

0.15786 

0.13732 

0.13670 

0.12820 

5 

0.09862 

0.08106 

0.10438 

0.08676 

0.08828 

0.08264 

.05 

0.04980 

0.03848 

0.05084 

0.04154 

0.04168 

0.04010 

.01 

0.00984 

0.00718 

0.01046 

0.00756 

0.00770 

0.00726 

.20 

0.19998 

0.36238 

0.29104 

0.42004 

0.31062 

0.37888 

.15 

0.14894 

0.28844 

0.22972 

0.34534 

0.24842 

0.30436 

10 

.10 

0.09816 

0.20744 

0.16670 

0.26002 

0.17972 

0.22228 

.05 

0.04752 

0.11674 

0.09252 

0.15178 

0.10228 

0.12510 

.01 

0.00960 

0.02722 

0.02356 

0.04060 

0.02682 

0.03108 

0.20060 

0.52454 

0.37020 

0.62422 

0.42170 

0.56042 

0.15156 

0.44730 

0.30814 

0.55214 

0.35442 

0.48158 

15 

0.10046 

0.34658 

0.23408 

0.45334 

0.27346 

0.37992 

.05 

0.05084 

0.21942 

0.14972 

0.31612 

0.17922 

0.24674 

.01 

0.00988 

0.06174 

0.04908 

0.10972 

0.05550 

0.07286 

0.20196 

0.67652 

0.42248 

0.78460 

0.50510 

0.71986 

0.15268 

0.59908 

0.35704 

0.72676 

0.43728 

0.64752 

20 

0.10390 

0.50116 

0.28248 

0.64170 

0.35850 

0.55016 

.05 

0.05250 

0.35080 

0.18696 

0.49668 

0.24394 

0.39680 

.01 

0.01046 

0.12608 

0.06818 

0.23262 

0.09250 

0.15188 

0.20056 

0.79936 

0.47878 

0.88872 

0.58586 

0.84342 

0.15304 

0.74070 

0.41706 

0.84918 

0.52270 

0.78854 

25 

.10 

0.10286 

0.64776 

0.33690 

0.78336 

0.43746 

0.70528 

.05 

0.05140 

0.48914 

0.22958 

0.65896 

0.31582 

0.55286 

.01 

0.01206 

0.23106 

0.09524 

0.39474 

0.14320 

0.28016 

Table  5.14  Power  tables  Reflected  KS  and  V  against  alternatives 
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Power  Study  Tables  For  Reflected  K-S  and  Kuiper  Test 


n 

a 

Exp 

Beta 

Gamma 

0.20280 

0.88222 

0.52742 

"  0.94714 

0.65550 

0.91922 

0.15484 

0.83918 

0.46082 

0.92256 

0.59288 

0.88152 

30 

0.10326 

0.76510 

0.37958 

0.87902 

0.50892 

0.82224 

.05 

0.05142 

0.62288 

0.26466 

0.78488 

0.38010 

0.69294 

.01 

0.01072 

0.33218 

0.11604 

0.53854 

0.18322 

0.39976 

0.19764 

0.93518 

0.56846 

0.97560 

0.70684 

0.95892 

0.14698 

0.90318 

0.50012 

0.96118 

0.64616 

0.93698 

35 

0.09824 

0.84850 

0.41768 

0.93630 

0.56514 

0.89534 

.05 

0.04978 

0.73344 

0.30412 

0.87370 

0.44012 

0.80070 

.01 

0.00996 

0.44082 

0.13468 

0.66378 

0.22488 

0.52470 

0.20012 

0.96876 

0.61482 

0.98908 

0.75888 

0.98418 

0.14956 

0.95050 

0.54778 

0.98246 

0.70170 

0.97228 

40 

0.10174 

0.91576 

0.46584 

0.96866 

0.62660 

0.94970 

.05 

0.05096 

0.83014 

0.34274 

0.93102 

0.50476 

0.88778 

.01 

0  01042 

0.56044 

0.15998 

0.77810 

0.27684 

0.65292 

0.19982 

0.98512 

0.65384 

0.99624 

0.80398 

0.99370 

0.14838 

0.97458 

0.58762 

0.99258 

0.75246 

0.98740 

45 

0.09820 

0.95232 

0.50338 

0.98506 

0.67934 

0.97482 

.05 

0.04974 

0.89376 

0.37838 

0.96394 

0.55878 

0.93840 

.01 

0.01062 

0.67290 

0.18544 

0.85934 

0.32830 

0.76472 

0.19766 

0.99356 

0.69002 

0.99834 

0.84182 

0.99764 

0.14838 

0.98770 

0.62660 

0.99704 

0.79684 

0.99532 

50 

0.09908 

0.97464 

0.54656 

0.99404 

0.72784 

0.98928 

.05 

0.00497 

0.93608 

0.41702 

0.98146 

0.61338 

0.96782 

.01 

0.01002 

0.75436 

0.20644 

0.90764 

0.36932 

0.83638 

Table  5.14  (Continued) 
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Power  Study  Tables  For  Reflected  K-S  and  Kuiper  Test 


n 

a 

t(D 

t(2) 

t(5) 

‘(10) 

‘(15) 

t(20) 

.20 

0.20272 

0.16600 

0.16650 

0.17018 

0.17212 

0.17304 

.15 

0.15044 

0.11880 

0.11900 

0.12106 

0.12346 

0.12364 

5 

.10 

0.09904 

0.07592 

0.07482 

0.07752 

0.07806 

0.07934 

.05 

0.04940 

0.03678 

0.03654 

0.03586 

0.03586 

0.03644 

.01 

0.01016 

0.00572 

0.00658 

0.00672 

0.00684 

0.00650 

0.20104 

0.22548 

0.29378 

0.32730 

0.33878 

0.34368 

0.15076 

0.17102 

0.22670 

0.26012 

0.26812 

0.27074 

10 

0.10048 

0.11558 

0.16112 

0.18474 

0.19162 

0.19572 

.05 

0.04854 

0.05744 

0.08526 

0.09994 

0.10518 

0.10628 

.01 

0.00962 

0.01142 

0.01980 

0.02294 

0.02476 

0.02586 

0.20390 

0.26850 

0.40138 

0.45796 

0.48538 

0.49292 

0.15464 

0.20876 

0.32898 

0.38108 

0.40566 

0.41410 

15 

0.10312 

0.14348 

0.24068 

0.28500 

0.30700 

0.31460 

.05 

0.05100 

0.07752 

0.14310 

0.17562 

0.18882 

0.19680 

.01 

0.00998 

0.01622 

0.03482 

0.04510 

0.04988 

0.05662 

0.20278 

0.30942 

0.50702 

0.59230 

0.61740 

0.63534 

0.15266 

0.24420 

0.42952 

0.51130 

0.53710 

0.55536 

20 

0.10384 

0.17512 

0.33764 

0.41596 

0.44118 

0.45390 

.05 

0.05096 

0.09828 

0.21336 

0.27466 

0.29842 

0.30892 

.01 

0.00906 

0.02278 

0.06292 

0.09044 

0.10210 

0.10824 

.20 

0.20296 

0.34836 

0.60636 

0.70726 

0.73882 

0.75412 

.15 

0.15480 

0.28574 

0.53236 

0.63920 

0.67080 

0.68970 

25 

.10 

0.10334 

0.20822 

0.43100 

0.53846 

0.57186 

0.59318 

.05 

0.05110 

0.11928 

0.29186 

0.38472 

0.41624 

0.43680 

.01 

0.01162 

0.03306 

0.10708 

0.16026 

0.17858 

0.19102 

Table  5.15  Power  tables  Reflected  KS  and  V  against  t-family 


5-37 


Power  Study  Tables  For  Reflected  K-S  and  Kuiper  Test 


n 

a 

‘(i) 

t(2) 

t(5) 

‘(10) 

‘(15) 

t(20) 

.20 

0.20222 

0.38458 

0.69616 

0.80090 

0.83118 

0.84562 

.15 

0.15448 

0.31624 

0.62392 

0.74148 

0.77690 

0.79134 

30 

.10 

0.10310 

0.23656 

0.52612 

0.65360 

0.69132 

0.70912 

.05 

0.05170 

0.13940 

0.37560 

0.49672 

0.53780 

0.55690 

.01 

0.01120 

0.03990 

0.15476 

0.23156 

0.26200 

0.27736 

0.19960 

0.42096 

0.76194 

0.86566 

0.89556 

0.90590 

0.14834 

0.34758 

0.69540 

0.81344 

0.85144 

0.86548 

35 

0.09712 

0.26312 

0.60242 

0.73488 

0.77968 

0.79912 

.05 

0.04908 

0.15936 

0.45418 

0.59*58 

0.64862 

0.67036 

.01 

0.00986 

0.04586 

0.20170 

0.30514 

0.35258 

0.37438 

0.19764 

0.46152 

0.82852 

0.91890 

0.93968 

0.94806 

0.14744 

0.38806 

0.77300 

0.88140 

0.90934 

0.91992 

40 

0.10024 

0.30354 

0.69044 

0.82196 

0.85806 

0.87216 

.05 

0.05094 

0.19298 

0.54632 

0.69840 

0.74776 

0.76832 

.01 

0.01096 

0.06044 

0.26878 

0.40104 

0.45550 

0.48014 

.20 

0.19826 

0.49538 

0.87314 

0.94870 

0.96620 

0.97242 

.15 

0.14896 

0.42028 

0.82586 

0.92296 

0.94612 

0.95430 

45 

.10 

0.09980 

0.33308 

0.75222 

0.87592 

0.90672 

0.92092 

.05 

0.04898 

0.21774 

0.61864 

0.77366 

0.81844 

0.84136 

.01 

0.00994 

0.07492 

0.33758 

0.49740 

0.55660 

0.58924 

.20 

0.19862 

0.53800 

0.91280 

0.97200 

0.98166 

0.98626 

.15 

0.14842 

0.46362 

0.87472 

0.95480 

0.96842 

0.97602 

50 

.10 

0.09844 

0.37218 

0.81404 

0.92124 

0.94318 

0.95464 

.05 

0.04944 

0.24708 

0.69620 

0.84156 

0.88100 

0.89666 

.01 

0.00954 

0.08456 

0.40242 

0.58184 

0.64036 

0.66952 

Table  5.15  (Continued) 
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I  Powcii  of  CM  —  V  Seqmc»tUl  teat  agaiait  Camcky  for  n  =  36  | 

0.01  I  0.02  >  0.03  I  0.04  I  0.03  |  0.04  I  0.07  I  0.03  I  0.00  |  0.10  |  57111  0.12  I  0.13  I  0.14  |  0.13  I  0.13  I  0.17  I  0.1*  |  0.18  I  5755 


5-39 


Table  5.16  Power  tables  of  CM  —  V  against  Cauchy  ditribution 


J  Powers  of  CM  —  V  Seqaemtial  teat  against  Normal  for  »  =  26  | 

o.oi  |  0.02  I  OFT  Oil  0.05  I  o.oe  I  o.or  I  Foil  o.os  I  oTTo"!  0.11  |  0.12  I  0.1a  I  0.14  |  0.15  I  o.ie  I  o.ir  I  0.1*  I  0.19  I  0.20 


5-40 


Table  5.17  Power  tables  of  CM  —  V  against  Normal  ditribution 


Powers  of  CM  —  V  Sequential  lest  against  Exponential  for 
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Table  5.18  Power  tables  of  CM  —  V  against  Exponential  ditribution 


Power  Power 


Power  of  CM-V  against  EXPONENTIAL  for  n=25 
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Table  5.19  Power  tables  of  CM  —  V  against  Beta  ditribution 


Powera  of  CM 
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Table  5.20  Power  tables  of  CM  —  V  against  Gamma  ditribution 


Power 


Power  of  CM-V  against  GAMMA  for  n=2S 


Figure  5.4  Power  comparisons  of  CM  —  V  against  Gamma 


Table  5.21  Power  tables  of  CM  —  V  against  Wei 


Power  Power 


Power  of  CM-V  against  WEIBULL  for  n=25 
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5-50 


5-51 


Table  5.23  Power  tables  of  CM(Ref)  -  V  against  Normal  ditribution 


Power  Power 


Power  of  CM(Ref)-V  against  NORMAL  for  n=25 
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Table  5.24  Power  tables  of  CM(Ref)  -  V  against  Exponential  ditributio 


Power 


Power  of  CM{Ref>V  agamst  EXPONENTIAL  for  n=25 


Significance  Levels 


Figure  5.7  Power  comparisons  of  CM(Ref)  —  V  against  Exponential 


5-55 


Table  5.25  Power  tables  of  CM(Ref)  —  V  against  Beta  ditribution 


Power 


Power  of  CM(Ref>V  against  BETA  for  rt=25 


Power!  of  CM(Ret) 
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Table  5.26  Power  tables  of  CM(Ref)  —  V  against  Gamma  ditribution 


Power 


Power  of  CM(Re0-V  against  GAMMA  for  n=25 


.  . n . . 

. f 

^  Jiiii 

i 

pir" 

flTl'l 

Tn 

! 

o:pwofV 

V1' 

♦rpwofCM 

rcO 

/ 

_:peofSeqCM(ref)-V 

Significance  Levels 

Power  of  CM(Ref)-V  against  GAMMA  for  n=50 


Significance  Levels 

Figure  5.9  Power  comparisons  of  CM(Ref)  —  V  against  Gamma 
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Table  5.27  Power  tables  of  CM(Ref)  —  V  against  Weibull  ditribution 


Power  of  CM(Ref)-V  against  WE  [BULL  for  n=25 


pwofCM(ref) 

peofSeqCM(ref>V 


53 

Significance  Levels 

Power  of  CM(Ref>-V  against  WEIBULL  for  n=50 

C 

0  / 

r 

o:pwofV 

*:pwofCM 

'reO 

_ 

_ 

_ 

_ 

_:peofSeqCM(ref)-V 

_ 1 _ 

3  0.35 

Significance  Levels 

Figure  5.10  Power  comparisons  of  CM(Ref)  —  V  against  Weibull 


j  Powers  of  KS  —  V  Seqmemtial  leal  afaimat  Camchy  for  w  =  25  J 

o.oi  |  051  051  Oil  Oil  Oil  0.07 1  Oil  Oil  Oil  0.11  |  Oil  031  Oil  Oil  Oil  Or!  Oil  Oi 
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Table  5.28  Power  tables  oi  KS  —  V  against  Cauchy  ditribution 


Table  5.29  Power  tables  of  KS  —  V  against  Normal  ditribution 


Power  of  KS-V  against  NORMAL  for  n=25 


t - 1 - 1 - 1 - 1 - 1 - r 


Significance  Levels 


I 

i 

1 


0  0.05  0.1  0.15  0.2  0.25  0.3  0.35 

Significance  Levels 

Figure  5.11  Power  comparisons  of  KS  —  V  against  Normal 


Power  of  KS*y  against  NORMAL  for  n=50 


i - r 


o:pwofV 

*:pwofKS 

:  pe  of  Seq  KS-V 


J _ L 


I  Poweri  of  KS  —  V  Seqmexti&l  test  *|uni  BxpoacatUl  for  »  =  38  | 

0.01  I  0.02  I  0.03  I  0.04  I  0.06  I  0.06  I  0.07  I  O.Ot  |  0.0S  I  0.10  I  0.11  I  0.13  I  0.13  I  0.14  I  0.16  I  0.16  |  0.1T  [  0.16  I  0.16  [  0.20 
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Table  5.30  Power  tables  of  KS  —V  against  Exponential  ditribution 


Power 


Power  of  KS-V  against  EXPONENTIAL  for  n=25 


Power  of  KS-V  against  EXPONENTIAL  foro=50 


Figure  5.12  Power  comparisons  of  KS  —  V  against  Exponential 
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Table  5.31  Power  tables  of  K S  —  V  against  Beta  ditribution 


Power  Pow 


0  0.05  0.1  0.15  0.2  0.25  0.3  035  0.4 

Significance  Levels 


1 

0.8 

0.6 

0.4 

0.2 

0 

0  0.05  0.1  0.15  0.2  0.25  03  035  0.4 

Significaice  Levels 

Figure  5.13  Power  comparisons  of  K S  —  V  against  Beta 
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I  Powcra  of  KS  —  V  SeqmcmtUl  UM  tguiil  G*n»a>  for  m  =  36  | 

o.oi  I  5551  OS-!  5351  5351  Oil  Or!  o.oi  I  o.os  I  o.io'l  0.11  I  o.ia 1  o.ia  |  o.n  I  o.is  I  535 1  o.ir  |  535 1  535 
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Table  5.32  Power  tables  of  KS  —  V  against  Gamma  ditribution 


Power  Power 


Power  of  KS-V  against  GAMMA  for  n=25 


Power  of  KS-V  against  GAMMA  fcrn-50 
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|  Power*  of  KS  —  V  SeqieitUl  test  Weibmll  for  n  s  2ft  j 

o.oi  I  <To51  oToal  oToTl  OT1  oToTl  071  o.ot  |  0.09  I  oTTo- I  57171  0.13  |  o.w  I  57171  57Ib“|  o.ie  I  o.ir  I  0.1*  |  o.u 
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Table  5.33  Power  tables  of  KS  —  V  against  Weibull  ditribution 


Power  Pow 


Significance  Levels 


Power  of  KS-V  against  WEJBULL  for  o=50 


Significance  Levels 


Figure  5.15  Power  comparisons  of  K S  —  V  against  Weibull 
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VI.  Conclusion  and  Recommendations 

6.1  Conclusions 

The  results  and  analysis  of  this  thesis  were  presented  in  the  previous  chapter  for 
each  case  studied.  The  conclusions  derived  based  on  the  results  can  be  summarized 
as  follows  : 

1.  The  first  three  digits  of  the  critical  values  for  each  test  are  significant  with  95% 
confidence.  Therefore  the  tests  are  applicable  to  any  samples  with  the  size  of 
5,  (5)50. 

2 .  KS  test  has  higher  power  compared  to  the  CM  and  A 2  tests  as  Ocasio  con¬ 
cluded. 

3.  V  has  the  highest  power  against  all  distributions  and  therefore  overwhelms  the 
other  tests. 

4.  As  the  sample  size  increases  the  power  at  smaller  a  levels  increase. 

5.  Reflection  technique  improves  the  power  against  symmetric  or  nearly  symmet¬ 
ric  distributions  for  all  the  tests.  The  improvement  starts  for  the  samples  with 
n  >  10. 

6.  Reflection  technique  reduces  the  power  significantly  against  the  non-symmetric 
distributions. 

7.  Significance  levels  of  the  sequential  tests  are  less  than  the  sum  of  the  signifi¬ 
cance  levels  of  the  individual  tests.  That  is,  for  the  sequential  test  of  c  which 
is  the  combination  of  test  a  and  test  6,  the  significance  level  is 


ae  <  aa  +  aj, 
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8.  The  power  of  the  sequential  tests  against  symmetric  distributions  at  a  certain 
a  level  is  some  value  between  the  powers  of  the  two  individual  tests  at  that  a 
level. 

9.  The  power  of  the  sequential  tests  against  non-symmetric  distributions  at  a 
certain  a  level  is  less  than  the  powers  of  the  two  individual  tests  at  that  a 
level. 

10.  Among  these  three  sequential  tests  KS  and  V  sequential  test  gives  higher  and 
the  smoothest  power  against  non-symmetric  distributions. 

This  study  offers  a  close  look  at  the  sequential  tests.  The  behavior  of  the  sequential 
tests  follows  interesting  patterns.  The  results  of  this  study  can  help  those  who  want 
to  learn  more  about  the  sequential  goodness-of-fit  tests. 

6.2  Further  Research 

Some  further  research  interests  as  a  conclusion  of  this  study  are  listed  below. 

1.  The  study  brought  out  the  most  powerful  test  statistic  (F)  proposed  so  far.  It 
has  been  seen  that  even  the  reflection  method  cannot  give  too  much  improve¬ 
ment  to  its  power.  Therefore,  we  believe  that  a  modification  to  this  statistic 
can  be  brought  by  way  of  an  improvement  in  the  estimation  method.  The 
computer  code  CMLE  can  be  modified  at  least  by  reducing  the  tolerance  and 
increasing  the  iteration  number. 

2.  V  statistic  can  be  applied  to  the  other  interesting  distributions  such  as  the 
Weibull  and  the  Lambda. 

3.  The  relation  between  the  critical  values  and  the  sample  size  along  with  the 
significance  levels  can  be  investigated.  Thus,  more  general  tables  can  be  gen¬ 
erated. 

4.  More  detailed  studies  can  be  accomplished  on  the  sequential  test  by  increasing 
the  a  level  range  of  the  individual  tests. 
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5.  The  functional  relation  of  the  sequential  test  can  be  computed. 

6.  The  relations  of  the  different  tests  and  combinations  involved  in  the  sequential 
tests  can  be  investigated  via  3-D  graphics. 
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Appendix  A.  Computer  Code  For  Critical  Values 


A.l  FORTRAN  Code  for  Critical  Values  of  Reflected  Tests 

COMMOH  XX (10000) ,P1 ,IR1 ,RI,K1 
IHTEGER  IR1.K2 

REAL  MEDIA! , NO ,MS , BO , BS , ZO , ZS , SLOPED , SLOPEV 
REAL  MLEL,MLES,X(S0000),Y(50000) 

REAL  R( 10000) .DISA(IOOOOO) .DISB(IOOOOO) ,PP(100002) , 

1  D(100000),V(100000) 

REAL  ADO 1 , CM01 , ADOS , CMOS , AD10 , CM10 , ADIS , CM1B , AD20 , CM20 
DOUBLE  PRECISIOI  DSEED1 ,U(10000) 

DSEED1=432157 .ODO 

PRIIT  *,'*******  CAUCHY  REFLECTED  CRITICAL  VALUE  TABLE  ******** 
REP=60000 

PRIHT  *, ’with’ , REP , ’replications ’ 

DO  10  I=1,REP+1 

PP(I)=(I-.3)/ (REP+.4) 

10  C01TIIUE 

DO  500  K1=S,60,S 
PRIIT  *,” 

PRIHT  *,*For  sample  size  I=’,K1,’  The  CRITICAL  values  are’ 
PRIIT  *,'» 

K2=K1*2 

MI-K1/2 

IR1=K1 

SIZE=HR1*2 

AD01=0 

CM01=0 

AD05=0 

CM06=0 

AD10=0 

CM10=0 

AD1S=0 

CM15=0 

AD20=0 

CM20=0 

CALL  RISET  (DSEED1) 

DO  100  J=1,REP 

**************************************************** 

******  Generate  the  CAUCHY  deviates  ****** 

CALL  RHCHY  (HR1,R) 

DO  6  1=1, IR1 

XX(I)=R(I)*10. 0+0.0 

******************************** 

******  Order  the  Variates  ****** 

IM=K1-1 
DO  30  1=1, IM 
JM=K1-I 
DO  20  K=1 , JM 

IF(XX(K).LT.XX(K+1))  GO  TO  20 
TEMP=XX(K) 

XX(K)=XX(K+1) 

XX(K+1)=TEMP 

20  COHTIHUE 

30  COHTIHUE 

IF  (M0D(HR1,2) . EQ.O)  THEH 
XMED= (XX (MH+ 1 ) +XX (MH) ) /2 . 0 
ELSE 

XMED=XX((HRl+l)/2) 

EIDIF 

MEDIAH=XMED 

SEMIQ=10.0 

************************************ 

******  Estimate  the  parameters****** 

CALL  CMLE (MEDI AH , SEMIQ , MLEL , MLES ) 
*********************************** 

******  Reflection  about  MLEL  ****** 

DO  32  1=1, Kl 

Y(I)=XX(I)-MLEL 
32  COHTIHUE 

DO  34  1=1, Kl 


A-l 


35 

37 


50 


60 


m 


X(I)=Y(I)+MLEL 
X(I+X1)=-Y(I)+HLEL 
34  COITIIUE 
IN2=K2-1 
DO  37  1=1, IM2 

^025l2K=l,JM2 

IF(X(K).LT.X(K+1))  GO  TO  35 
TEM=X(X) 

X(X)=X(X+1) 

X(X+1)=TEM 
COITIIUE 
COITIIUE 
DO  50  1=1, K2 

U(I)  =  .5+.31831*mi((X(I)-KLEL)/MLES) 

IF  (J.Eq.18)  THEI 
EIDIF 
COITIIUE 
DISB( J)=U(1) 

DISA(J)=(1/SIZE)-U(l) 

DO  60  1=2 ,X2 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦I********** 

♦♦♦♦♦♦Compute  the  distance  from  above(2)/below(l)+«eee 
Dl=U(I)-( (1-1) /SIZE) 

IF  (Dl.GT.DISB(J))  DISB( J)=D1 
D2=( I/SIZE) -U( I) 

IF  (D2.GT.DISACJ))  DISA(J)=D2 
COITIIUE 

IF  (DISA(J) .GT.DISB(J))  THEI 
D(J)=DISA(J) 

PT  «!P 

D(J)=DISB(J) 

EIDIF 

V(J)=DISA(J)+DISB(J) 

mum  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦♦♦♦♦♦Order  The  Edf  Statistics  ♦♦♦♦♦♦ 

IM=REP-1 
DO  300  1=1, IM 
JH=REP-I 
DO  200  K=l, JN 

IF(D(X).LT.D(X+1))  GO  TO  200 
TEMP=D(X) 

D(X)=D(X+1) 

D(X+1)=TEMP 
200  COITIIUE 

300  COITIIUE 

DO  305  1=1, IM 
JM=REP-I 
DO  205  X=l, JM 

IF(V(X).LT.V(X+1))  GO  TO  205 
TEMP=V(X) 

V(K)=V(X+1) 

V(X+1)=TEMP 
205  COITIIUE 

♦♦♦♦♦♦♦♦^♦♦^♦^♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦+ 
♦♦♦♦♦♦Critical  Value  Computation  For  XS++++++ 

IF  ((D(2)-D(l)). EQ.O.O)  D(2)=D(2)+1 .00001 
M0=(PP(2)-PP(1))/(D(2)-D(1) ) 

BO=PP ( 1 ) -MO*D ( 1 ) 

Z0=(0.0-B0)/M0 
IF  (ZO.GE.O.O)  THEI 
D(0)=Z0 
ELSE 

D(0)=0.0 

EIDIF 

IF  ((D(BEP)-D(REP-l)) .EQ.O.O)  D(REP)=D(REP)+1 .00001 
MS=(PP(REP)-PP(REP-1))/(D(REP)-D(BEP-1)) 

BS=PP (REP-1) -MSeD(l) 

ZS=(1.0-BS)/MS 

D(REP+1)=ZS 

************************************************* 
♦♦♦♦♦♦Critical  Value  Computation  For  XUIPER***e** 

IF  ((V(2)-V(l)). EQ.O.O)  V(2)=V(2)*1 .00001 
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M0=(PP(2)-PP(1))/(V(2)-V(1)) 

BO=PP ( 1 ) -MO*V ( 1 ) 

Z0=(0.0-B0)/M0 
IF  (ZO.GE.O.O)  THE! 

V(0)=Z0 

ELSE 

V(0)=0.0 

E1DIF 

IF  ((V(REP)-V(REP-l)) . EQ.O.O)  V(REP)=V(REP)*1 .00001 
MS=(PP(REP)-PP(REP-1))/ (V(REP)-V(REP-l)) 

BS=PP (REP-1 ) -MS*V ( 1 ) 

ZS=(1.0-BS)/MS 
V(REP+1)=ZS 
DO  410  P=80,95,S 
DO  420  11=1, REP 
I=REP+1-II 

IF  (PP(I).LT. (P/100.0))  THEI 
IF  (D(I+l).Eq.D(I))  D(I+1)=D(I)*1. 00001 
if  (v(i+i).Eq.v(D)  v(i+i)=v(i)*i. ooooi 

SL0PED=(PP(I+1)-PP(I))/(D(I+1)-D(I)) 

SL0PEV=(PP(I+1)-PP(I))/(V(I+1)-V(I)) 

ZD=-SLOPED*D ( I ) +PP ( I ) 

ZV=-SLOPEV* V ( I ) +PP ( I ) 

PERD= ( (P/100 . 0) -ZD)/SLOPED 
PERV= ( (P/ 100 . 0 ) -ZV)/SLOPEV 

PRIIT  *,'The,,P,,th  percentile  for  D  IS  ’.PERD,’ 

GO  TO  410 
EID  IF 

420  COITIHTJE 
410  COHTIHUE 

DO  430  11=1, REP 
I=REP+1-II 

IF  (PP(I) .LT. .99)  THEI 
IF  (D(I+l).Eq.D(I))  D(I+1)=D(I)*1. 00001 
IF  (V(I+l).Eq.V(I))  V(I+1)=¥(I)*1. 00001 
GO  TO  450 
EID  IF 

430  COITIIUE 

450  SL0PED=(PP(I+1)-PP(I))/(D(I+1)-D(I)) 

SL0PEV=(PP(I+1)-PP(I))/(V(I+1)-V(I)) 
ZD=-SLOPED*D(I)+PP(I) 

ZV=-SLOPEV*V ( I ) +PP ( I ) 

PERD= ( . 99-ZD) /SLOPED 
PERV=( . 99-ZV ) /SLOPEV 

PRIIT  *, ’The’ ,99. , *th  percentile  for  D  IS  ’,PERD,’ 
500  COITIIUE 
STOP 
EID 

SUBROUTIIE  CMLE (MEDI AI , SEMI q , MLEL , MLES ) 

COMMOI  XX(IOOOO) ,P1 ,IR1 ,RI,K1 

REAL  MLEL, HLES, MEDI AI,HLELT,MLEST,MLESSq 

MLEL=MEDIAI 

MLES=SEMiq 

IMAX=100 

ITER=0 

40  MLELT=MLEL 
MLEST=MLES 
SUM0=0 
SUM1=0 

MLESSq=MLES**2 
DO  41  1=1, K1 
Z=MLESSq+ (XX ( I ) -MLEL) 

SUM0=SUM0+1./Z 

SUM1=SUM1+XX(I)/Z 

41  COITIIUE 

TMLES=DFL0AT(K1 )/2 .DO/SUMO/MLES** ( 1 . 5) 

MLES=TMLES**2 

MLEL=SUM1/SUM0 

ITER=ITER+1 

IF  (ITER.GT.IMAX)  GO  TO  45 
IF  (ABS(MLEL-MLELT) .GT. .001*MLES)  GO  TO  40 
IF  (ABS(MLES-MLEST).GT. .05*MLES)  GO  TO  40 
46  RETURI 
EID 


for  V’.PERV 


for  V» ,PERV 
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A. 2  FORTRAN  Code  for  Significance  Levels  of  Sequential  Tests 


♦♦♦♦♦♦d 


COMHOI  X(IOOOO) ,P1,HR1,RH,K1 
IITEGER  IRl,DD,W,ROW,COL 
PARAMETER  (R0W=20,C0L=20) 

REAL  MEDIAI,SEq(l:ROW,l:COL) 

REAL  MLEL.HLES 

REAL  R( 10000) ,DISA(60000) ,DISB(50000) , 

1  D(SOOOO) ,V(50000) 

DOUBLE  PRECISIOI  DSEED1,DSEED2,U(10000) 

DSEED 1=432157.000 
DSEED2=321457 . ODO 
RRP=50000 

»  ************************** 

♦♦♦♦♦♦Sequential  Test  Program****** 
*********************************** 

PRIIT  ♦.'♦♦SEQUEITIAL  TEST  -  KS(cols)  and  V(roes)**’ 
DO  500  K1=S,50,5 

PRIIT  *, »****Sample  Size  I=> ,K1, >**♦*» 

MI=Kl/2 

HR1=K1 

SIZE=BR1 

DO  1  DS=1 ,20 

DO  2  VS=1,20 
SEQ(VS,DS)=0 
2  COHTIIUE 

i  COHTIIUE 


CALL  RISET  (DSEED1) 

DO  200  J=1,REP 

************************************ 
♦♦♦♦♦♦Generate  Cauchy  deviates****** 
************************************ 
15  CALL  R1CHY  (HR1,R) 

DO  10  I=1,MR1 

X(I)=R(I)*10. 0+0.0 

♦§♦*♦*♦  mm  *************** 


IM=K1-1 
DO  30  1=1, HM 
JM=K1-I 
DO  20  K=l, JM 

IF(X(K) .LT.X(K+1) )  GO  TO  20 
TEMP=X(K) 

X(K)=X(K+1) 

X(K+1)=TEMP 


20  COHTIIUE 

30  COHTIIUE 

IF  (M0D(HR1,2) . EQ.O)  THE! 

XMED=(X(MH+l)+X(MH))/2.0 

ELSE 

XMED=X((HRl+l)/2) 

EIDIF 

MEDIAH=XMED 

SEMIQ=10.0 

*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦♦♦♦♦♦Estimate  The  Parameters****** 
♦♦♦♦♦♦¥**A7«*{^A******************* 


CALL  CMLE(MEDIAH,SEMIQ,MLEL,MLES) 

DO  50  1=1, K1 

U(I)=.5+.31831*ATAH((X(I)-MLEL)/MLES) 
50  COHTIIUE 

DISB(J)=(U(1)) 

DISA(J)=(1/SIZE-U(1)) 

DO  60  1=2, K1 
D1=(U(I)-(I-1)/SIZE) 

IF  (Dl.GT.DISB(J))  DISB(J)=D1 
D2=( I/SIZE) -U(I) 

IF  (D2.GT.DISA(J))  DISA(J)=D2 
60  COHTIIUE 

IF  (DISA(J) .GT.DISB(J))  THE! 

D( J)=DISA(J) 

ELSE 
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D(J)=DISB( J) 

V(J)=DISA(J)+DISB(J) 

************************************************ 
IF  (Kl.Eq.5)  GO  TO  105 
IF  (Kl.Eq.10)  GO  TO  110 
IF  (Il.Eq.15)  GO  TO  115 
IF  (Xl.Eq.20)  GO  TO  120 
IF  (Kl.Eq.26)  GO  TO  125 
IF  (Kl.Eq.30)  GO  TO  130 
IF  (Kl.Eq.35)  GO  TO  135 
IF  (Kl.Eq.40)  GO  TO  140 
IF  (Kl.Eq.45)  GO  TO  146 
IF  (Kl.Eq.50)  GO  TO  160 
***  Critical  value  comparison  lor  n=6*** 

105  IF  (D(J).LT. 0.380687)  DD=1 

IF  (D(J).LT. 0.369788)  DD=2 
IF  (D(J).LT. 0.361987)  DD=3 
IF  (D(J).LT. 0.355043)  DD=4 
IF  (D(J).LT. 0.348933)  DD=5 
IF  (D(J).LT. 0.343422)  DD=6 
IF  (D(J).LT. 0.337933)  DD=7 
IF  (D(J).LT. 0.332890)  DD=8 
IF  (D(J).LT. 0.328241)  DD=9 
IF  (D(J).LT. 0.323392)  DD=10 
IF  (D(J).LT. 0.318941)  DD=11 
IF  (D(J).LT. 0.314618)  DD=12 
IF  (D(J).LT. 0.310907)  DD=13 
IF  (D(J).LT. 0.307330)  DD=14 
IF  (D(J).LT. 0.303610)  DD=16 
IF  (D(J).LT. 0.300244)  DD=18 
IF  (D(J).LT. 0.296831)  DD=17 
IF  (D(J).LT. 0.293865)  DD=18 
IF  (D(J).LT. 0.290779)  DD=19 
IF  (D(J).LT. 0.287831)  DD=20 

IF  (V(J).LT. 0.406213)  VV=t 
IF  (V(J).LT. 0.401048)  VV=2 
IF  (V(J).LT. 0.399306)  VV=3 
IF  (V(J).LT. 0.398358)  VV=4 
IF  (V(J).LT. 0.397407)  VV=5 
IF  (V(J).LT. 0.396364)  VV=6 
IF  (V(J).LT. 0.395401)  VV=7 
IF  (V(J).LT. 0.394481)  VV=8 
IF  (V(J).LT. 0.393514)  VV=9 
IF  (V(J).LT. 0.392542)  VV=10 
IF  (V(J).LT. 0.391471)  VV=11 
IF  (V(J).LT. 0.390410)  VV=12 
IF  (V(J).LT. 0.389397)  W=13 
IF  (V(J).LT. 0.388354)  W=14 
IF  (V(J).LT. 0.387390)  VV=15 
IF  (V(J).LT. 0.386293)  VV=16 
IF  (V(J).LT. 0.385183)  VV=17 
IF  (V(J).LT. 0.384115)  W=18 
IF  (V(J).LT. 0.383058)  W=19 
IF  (V(J).LT. 0.381950)  VV=20 
GO  TO  100 

***  Critical  value  comparison  lor  n=10*** 

110  IF  (D(J).LT. 0.300736)  DD=1 

IF  (D(J).LT. 0.283081)  DD=2 
IF  (D(J).LT. 0.271974)  DD=3 
IF  (D(J).LT. 0.264046)  DD=4 
IF  (D(J).LT. 0.257959)  DD=5 
IF  (D(J).LT. 0.252206)  DD=6 
IF  (D(J).LT. 0.247566)  DD=7 
IF  (D(J).LT. 0.243206)  DD=8 
IF  (D(J).LT. 0.239227)  DD=9 
IF  (D(J).LT. 0.236709)  DD=10 
IF  (D(J).LT. 0.232665)  DD=11 
IF  (D(J).LT. 0.229364)  DD=12 
IF  (D(J).LT. 0.226272)  DD=13 
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IF  (D(J).LT. 0.223445)  DD=14 
IF  (D(J). LT.O. 220736)  DD=15 
IF  (D(J).LT. 0.218306)  DD=16 
IF  (D(J). LT.O. 216093)  DD=17 
IF  (DfJ). LT.O. 213831)  DD=18 
IF  (D(J).LT. 0.211597)  DD=19 
IF  (D(J).LT. 0.209504)  DD=20 

IF  (V(J).LT. 0.362358)  W=1 
IF  (V(J).LT. 0.350301)  W=2 
IF  (V(J).LT. 0.342236)  VV=3 
IF  (V(J).LT. 0.336947)  W=4 
IF  (VCJ).LT. 0.330308)  VV=6 
IF  (V(J).LT. 0.325581)  W=6 
IF  (Vfj) .LT.O. 321081)  VV=7 
IF  (V(J) .LT.O. 317228)  W=8 
IF  (V(J).LT. 0.313804)  W=9 
IF  (V(J).LT. 0.310818)  W=10 
IF  (V(J).LT. 0.307851)  VV=11 
IF  (V(J).LT. 0.305186)  W=12 
IF  (vfj) .LT.O. 302568)  W=13 
IF  (VfJ) .LT.O. 300116)  W=14 
IF  (V(J).LT. 0.297784)  W=1S 
IF  (vfj). LT.O. 295750)  W=16 
IF  (V(J).LT. 0.293806)  VV=17 
IF  (V(J).LT. 0.291948)  W=18 
IF  (V(J).LT. 0.290337)  W=19 
IF  (V(J).LT. 0.288634)  VV=20 
60  TO  100 

***  Critical  value  comparison  for  n=15*** 
115  IF  (D(J).LT. 0.253469)  DD=1 

IF  (D(J).LT. 0.237608)  DD=2 
IF  (D(J).LT. 0.228320)  DD=3 
IF  (D(J).LT. 0.221104)  DD=4 
IF  (D(J).LT. 0.215367)  DD=6 
IF  (D(J).LT. 0.210458)  DD=6 
IF  (D(J).LT. 0.206223)  DD=7 
IF  (D(J).LT. 0.202806)  DD=8 
IF  (D(J).LT. 0.199766)  DD=9 
IF  (D(J).LT. 0.196782)  DD=10 
IF  (D(J) .LT.O. 193836)  DD=11 
IF  (D(J). LT.O. 191257)  DD=12 
IF  (DfJ). LT.O. 188895)  DD=13 
IF  (DfJ). LT.O. 186550)  DD=14 
IF  (d(J). LT.O. 184310)  DD=15 
IF  (D(J). LT.O. 182287)  DD=16 
IF  (D(J) .LT.O. 180414)  DD=17 
IF  (DfJ). LT.O. 178587)  DD=18 
IF  (d(J). LT.O. 176964)  DD=19 
IF  (D(J). LT.O. 175249)  DD=20 

IF  (V(J) .LT.O. 308774)  VV=1 
IF  (V(J). LT.O. 297009)  W=2 
IF  (Vfj). LT.O. 288803)  W=3 
IF  (V(j). LT.O. 282916)  VV=4 
IF  (V(J). LT.O. 278230)  W=6 
IF  (V( J) - LT.O. 274196)  W=6 
IF  (V(J). LT.O. 270512)  VV=7 
IF  (V(J). LT.O. 267693)  W=8 
IF  (V(J) .LT.O. 264757)  VV=9 
IF  (V(J). LT.O. 261920)  VV=10 
IF  (V(J) .LT.O. 259468)  VV=11 
IF  (V(J). LT.O. 257261)  VV=12 
IF  (V(J) .LT.O. 255208)  VV=13 
IF  (V(J). LT.O. 253388)  W=14 
IF  (V(J) .LT.O. 251576)  VV=15 
IF  (Vfj). LT.O. 249770)  VV=16 
IF  (V(J)  .LT.O. 248089)  W=17 
IF  (V(J) .LT.O. 246536)  VV=18 
IF  (V(J). LT.O. 245045)  W=19 
IF  (V(J). LT.O. 243568)  VV=20 
GO  TO  100 
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***  Critical  value  comparison  lor  n=20*** 
120  IF  (D(J).LT. 0.221813)  DD=1 
IF  (D(J).LT. 0.208350)  DD=2 
IF  (D(J).LT. 0.199741)  DD=3 
IF  (D( j).LT. 0.193599)  DD=4 
IF  (D(J).LT. 0.188668)  DD=5 
IF  (D(J).LT. 0.184171)  DD=6 
IF  (D(J).LT. 0.180481)  DD=7 
IF  (D(J).LT. 0.177140)  DD=8 
IF  (D(J).LT. 0.174303)  DD=9 
IF  (D(J).LT. 0.171836)  DD=10 
IF  (D(J) .LT. 0.169236)  DD=11 
IF  (D(j) .LT. 0.186992)  DD=12 
IF  (D(j).LT. 0.164778)  DD=13 
IF  (D(J).LT. 0.162722)  DD=14 
IF  (D(J).LT. 0.160981)  DD=15 
IF  (D(j) .LT. 0.159245)  DD=16 
IF  (D(j) .LT. 0.157675)  DD=17 
IF  (D(j) .LT. 0.166060)  DD=18 
IF  (D(J).LT. 0.164428)  DD=19 
IF  (D(J).LT. 0.153013)  DD=20 

IF  (V(J).LT. 0.272266)  W=1 
IF  (V(j).LT. 0.261601)  W=2 
IF  (V(J).LT. 0.254443)  W=3 
IF  (V(J).LT. 0.249244)  W=4 
IF  (V(J).LT. 0.244890)  W=5 
IF  (V(j).LT. 0.241337)  W=6 
IF  (V(J).LT. 0.238144)  W=7 
IF  (V(J).LT. 0.235413)  VV=8 
IF  (V(J).LT. 0.233092)  W=9 
IF  (V(J).LT. 0.230918)  W=10 
IF  (V(J).LT. 0.228931)  W=ll 
IF  (V(J).LT. 0.226946)  W=12 
IF  (V(J).LT. 0.226199)  W=13 
IF  (V(J).LT. 0.223500)  W=14 
IF  (V(J).LT. 0.221941)  W=15 
IF  (V(j).LT. 0.220377)  W=16 
IF  (V(j).LT. 0.218890)  W=17 
IF  (V(J).LT. 0.217670)  W=18 
IF  (V(j).LT. 0.216146)  W=19 
IF  (V(J).LT. 0.214768)  W=20 
GO  TO  100 

***  Critical  value  comparison  lor  n=26*** 
126  IF  (D(J).LT. 0.198863)  DD=1 
IF  (D(J).LT. 0.187080)  DD=2 
IF  (D(J).LT. 0.179512)  DD=3 
IF  (D(J).LT. 0.174201)  DD=4 
IF  (D(j).LT. 0.169680)  DD=5 
IF  (D(J).LT. 0.185823)  DD=6 
IF  (DCJ).LT. 0.162712)  DD=7 
IF  (D(J).LT. 0.159830)  DD=8 
IF  (D(J).LT. 0.157231)  DD=9 
IF  (D(J).LT. 0.154988)  DD=10 
IF  (D(J).LT. 0.152789)  DD=11 
IF  (D(J).LT. 0.150769)  DD=12 
IF  (D(J).LT. 0.148873)  DD=13 
IF  (D(j).LT. 0.147024)  DD=14 
IF  (D(J).LT. 0.145242)  DD=15 
IF  (D(J).LT. 0.143695)  DD=16 
IF  (D(J).LT. 0.142172)  DD=17 
IF  (D(J).LT. 0.140796)  DD=18 
IF  (D(J).LT. 0.139463)  DD=19 
IF  (D(J).LT. 0.138109)  DD=20 

IF  CV(J).LT. 0.246377)  W=1 
IF  (V(J)  .LT. 0.236634)  W=2 
IF  (V(J).LT. 0.230419)  VV=3 
IF  (V(J).LT. 0.225317)  VV=4 
IF  (V(J).LT. 0.221437)  W=5 
IF  (V(J).LT. 0.218211)  W=6 
IF  (V(J).LT. 0.216616)  W=7 
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IF  (V(J). LT.O. 213088)  W=8 
IF  (VCJ). LT.O. 210865)  W=9 
IF  (V(J).LT. 0.208693)  W=10 
IF  (V(J) .LT. 0.206684)  W=ll 
IF  (V(J). LT.O. 204962)  W=12 
IF  (V(J).LT. 0.203246)  VV=13 
IF  (V(J).LT. 0.201698)  VV=14 
IF  (V(J). LT.O. 200177)  W=16 
IF  (V(J).LT. 0.198669)  W=16 
IF  (V(J).LT. 0.197300)  W=17 
IF  (V(J). LT.O. 196057)  W=18 
IF  (VCJ). LT.O. 194778)  VV=19 
IF  (V(J).LT. 0.193583)  W=20 
GO  TO  100 

***  Critical  value  comparison  lor  n=30*** 
130  IF  (D(J).LT. 0.182721)  DD=1 
IF  (D(J).LT. 0.171452)  DD=2 
IF  (D(J).LT. 0.164330)  DD=3 
IF  (D(J).LT. 0.159264)  DD=4 
IF  (D(J).LT. 0.165299)  DD=5 
IF  (D(J).LT. 0.151834)  DD=6 
IF  (D(J).LT. 0.148830)  DD=7 
IF  (D(J).LT. 0.146359)  DD=8 
IF  (D(J).LT. 0.143938)  DD=9 
IF  (D(J).LT. 0.141785)  DD=10 
IF  (D(J).LT. 0.139843)  DD=11 
IF  (D(J).LT. 0.137943)  DD=12 
IF  (D(J).LT. 0.136302)  DD=13 
IF  (D(J).LT. 0.134623)  DD=14 
IF  (D( J).LT. 0.133113)  DD=15 
IF  (D(J).LT. 0.131736)  DD=18 
IF  (D(J).LT. 0.130474)  DD=17 
IF  (D(J).LT. 0.129141)  DD=18 
IF  (D(J).LT. 0.127830)  DD=19 
IF  (D(J).LT. 0.126582)  DD=20 

IF  (V(J).LT. 0.227202)  W=1 
IF  (V(J).LT. 0.217478)  W=2 
IF  (V(J).LT. 0.211992)  VV=3 
IF  (V(J).LT. 0.207429)  W=4 
IF  (V(J).LT. 0.203890)  VV=5 
IF  (V(J).LT. 0.201014)  W=6 
IF  (V(J).LT. 0.198412)  VV=7 
IF  (V(J).LT. 0.196181)  VV=8 
IF  (V(J).LT. 0.194252)  W=9 
IF  (V(J).LT. 0.192283)  W=10 
IF  (V(J).LT. 0.190582)  W=ll 
IF  (V(J).LT. 0.188937)  W=12 
IF  (V(J).LT. 0.187467)  W=13 
IF  (V(J).LT. 0.185989)  VV=14 
IF  (V(J).LT. 0.184601)  VV=15 
IF  (V(J).LT. 0.183225)  VV=16 
IF  (V(J).LT. 0.181969)  VV=17 
IF  (V(J).LT. 0.180705)  VV=18 
IF  (V(J).LT. 0.179487)  W=19 
IF  (V(J).LT. 0.178265)  W=20 
GO  TO  100 


***  Critical  value  comparison  for  n=35*** 


135 


IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 


.LT. 0.170239)  DD=1 


.LT. 0.169752) 
(D(J).LT. 0.153135) 
(D(J).LT. 0.148172) 
^D( J) .LT.O. 144396) 


DD=2 
DD=3 
DD=4 
DD=5 

LT.O. 141216)  DD=6 


LT.O. 138287)  DD=7 
LT.O. 135962)  DD=8 
LT.O. 133732)  DD=9 
(D(J). LT.O. 131807)  DD=10 
(D(J). LT.O. 129886)  DD=11 
(D(J) .LT.O. 128181)  DD=12 
(D(J). LT.O. 126688)  DD=13 
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IF  (D(J).LT. 0.126227)  DD=14 
IF  (D( JJ.LT. 0.123711)  DD=16 
IF  (D( JJ.LT. 0.122321)  DD=16 
IF  (D(J).LT. 0.121011)  DD=17 
IF  (DC JJ.LT. 0.119784)  DD=18 
IF  (D(J).LT. 0.118646)  DD=19 
IF  (D(J).LT. 0.117612)  DD=20 

IF  (V(J).LT. 0.212638)  W=1 
IF  (V(J).LT. 0.203578)  W=2 
IF  (V( JJ.LT. 0.197711)  W=3 
IF  (V( JJ.LT. 0.193327)  W=4 
IF  (VC JJ.LT. 0.189974)  W=6 
IF  (V(J).LT. 0.187059)  W=6 
IF  (V( JJ.LT. 0.184746)  W=7 
IF  (V(J).LT. 0.182545)  W=8 
IF  (V( JJ.LT. 0.180675)  VV=9 
IF  (V( JJ.LT. 0.179019)  W=10 
IF  (VC JJ.LT. 0.177468)  VV=11 
IF  (V(J).LT. 0.175884)  W=12 
IF  (V(J).LT. 0.174378)  W=13 
IF  (VC JJ.LT. 0.172864)  W=14 
IF  (V(J).LT. 0.171636)  W=16 
IF  (V(J).LT. 0.170427)  W=16 
IF  (V( J).LT. 0.169177)  VV=17 
IF  (V( JJ.LT. 0.168086)  W=18 
IF  (V( JJ.LT. 0.167000)  W=19 
IF  (V(J).LT. 0.166903)  VV=20 
60  TO  100 

***  Critical  value  comparison  lor  n=40*** 
140  IF  (D(J).LT. 0.169966)  DD=1 

IF  (D(J).LT. 0.149670)  DD=2 
IF  (D( JJ.LT. 0.143634)  DD=3 
IF  (DC JJ.LT. 0.138845)  DD=4 
IF  (D(J).LT. 0.135528)  DD=5 
IF  (D(J).LT. 0.132450)  DD=6 
IF  (D(J).LT. 0.129914)  DD=7 
IF  (D( JJ.LT. 0.127592)  DD=8 
IF  (D(J).LT. 0.125630)  DD=9 
IF  (DC JJ.LT. 0.123610)  DD=10 
IF  (D(J).LT. 0.121838)  DD=11 
IF  (D(J).LT. 0.120268)  DD=12 
IF  (DC JJ.LT. 0.118752)  DD=13 
IF  (D(J).LT. 0.117374)  DD=14 
IF  (D(J).LT. 0.116023)  DD=16 
IF  (D(J).LT. 0.114694)  DD=16 
IF  (D(J).LT. 0.113461)  DD=17 
IF  (D(J).LT. 0.112369)  DD=18 
IF  (D(J).LT. 0.111279)  DD=19 
IF  (D(J).LT. 0.110260)  DD=20 

IF  (V(J).LT. 0.199685)  W=1 
IF  (V(J).LT. 0.191145)  W=2 
IF  (V(J).LT. 0.185943)  VV=3 
IF  (V( J).LT. 0.181868)  W=4 
IF  (V(J).LT. 0.178778)  VV=5 
IF  (V(J).LT. 0.176310)  W=6 
IF  (V(J).LT. 0.173819)  W=7 
IF  (V( JJ.LT. 0.171645)  VV=8 
IF  (V(J).LT. 0.169764)  VV=9 
IF  (V( J).LT. 0.168041)  VV=10 
IF  (V(J).LT. 0.166354)  VV=11 
IF  (V(J).LT. 0.165000)  VV=12 
IF  (V(J).LT. 0.163694)  VV=13 
IF  (V(J).LT. 0.162283)  VV=14 
IF  (V(J).LT. 0.161187)  VV=15 
IF  (V(J).LT. 0.160025)  W=16 
IF  (V(J).LT. 0.158961)  VV=17 
IF  (V(J).LT. 0.157959)  W=18 
IF  (V(J).LT. 0.156938)  VV=19 
IF  (V( JJ.LT. 0.155927)  VV=20 
GO  TO  100 
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***  Critical  value  comparison  lor  n=45*** 
145  IF  (D(J).LT. 0.151657)  DD=1 
IF  (D(J).LT. 0.141 146)  DD=2 
IF  CD (j).LT. 0.135684)  DD=3 
IF  (D(J).LT. 0.131852)  DD=4 
IF  (Dm.!.!. 0.128673)  DD=5 
IF  (DC J).LT. 0.125774)  DD=6 
IF  (DCJ).LT. 0.123326)  DD=7 
IF  (D(J).LT. 0.121143)  DD=8 
IF  (D(J).LT. 0.119117)  DD=9 
IF  (DCJ).LT. 0.117169)  DD=10 
IF  (DCJ).LT. 0.115622)  DD=11 
IF  (D(J).LT. 0.113931)  DD=12 
IF  (D(J).LT. 0.112663)  DD=13 
IF  (D( J).LT. 0.111261)  DD=14 
IF  (D(J).LT. 0.110043)  DD=15 
IF  (D(J).LT. 0.108849)  DD=16 
IF  (D(J).LT. 0.107602)  DD=17 
IF  (D(J).LT. 0.106551)  DD=18 
IF  (D(J).LT. 0.106490)  DD=19 
IF  (D(J).LT. 0.104648)  DD=20 

IF  (V(J).LT. 0.189803)  VV=1 
IF  (V(J).LT. 0.181228)  W=2 
IF  (V(J).LT. 0.176167)  VV=3 
IF  (V(J).LT. 0.172471)  VV=4 
IF  (V(J).LT. 0.189454)  VV=5 
IF  (V(J).LT. 0.186867)  VV=6 
IF  (V(J).LT. 0.164617)  VV=7 
IF  (v(j).LT. 0.162604)  VV=8 
IF  (V(J).LT. 0.180797)  VV=9 
IF  (V(J).LT. 0.169004)  VV=10 
IF  (V(J).LT. 0.167581)  VV=11 
IF  (V(J).LT. 0.166273)  W=12 
IF  (V(J).LT. 0.154967)  VV=13 
IF  (V(J).LT. 0.153699)  W=14 
IF  (V(J).LT. 0.162653)  VV=15 
IF  (V(J).LT. 0.151480)  VV=16 
IF  (V(J).LT. 0.160426)  VV=17 
IF  (V(J).LT. 0.149477)  VV=18 
IF  (VC J).LT. 0.148626)  VV=19 
IF  (v(j).LT. 0.147684)  W=20 
GO  TO  100 

***  Critical  value  comparison  lor  n=50*** 
160  IF  (D(J).LT. 0.142628)  DD=1 

IF  (D(J).LT. 0.134397)  DD=2 
IF  (d(J).LT. 0.128985)  DD=3 
IF  (D(J).LT. 0.125116)  DD=4 
IF  (D(J).LT. 0.122067)  DD=5 
IF  (D(J).LT. 0.119323)  DD=6 
IF  (D(J).LT. 0.116828)  DD=7 
IF  (D(J).LT. 0.114729)  DD=8 
IF  (D(J).LT. 0.112857)  DD=9 
IF  (D(J).LT. 0.111227)  DD=10 
IF  (D(J).LT. 0.109757)  DD=11 
IF  (D(J).LT. 0.108321)  DD=12 
IF  (D(J).LT. 0.106924)  DD=13 
IF  (D(J).LT. 0.105594)  DD=14 
IF  (D(J) .LT. 0.104346)  DD-15 
IF  (D(J).LT. 0.103163)  DD=16 
IF  (D(J).LT. 0.102147)  DD=17 
IF  (D(J).LT. 0.101102)  DD=18 
IF  (D(J).LT. 0.100134)  DD=19 
IF  (D(J).LT. 0.0991641)  DD=20 

IF  (V(J).LT. 0.179543)  VV=1 
IF  (V(J).LT. 0.171780)  VV=2 
IF  (V(J).LT. 0.187313)  VV=3 
IF  (V(J).LT. 0.163940)  VV=4 
IF  (V(J).LT. 0.160997)  VV=5 
IF  (V(J).LT. 0.168580)  W=6 
IF  (V(J).LT. 0.156534)  W=7 
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IF  (V(J).LT. 0.154742)  W=8 
IF  (V(J).LT. 0.163066)  W=9 
V(J).LT. 0.151704)  W=10 
V(J).LT. 0.150167)  W=ll 
V(J).LT. 0.148859)  W=12 
V(J).LT. 0.147677)  W=13 
(VfJ).LT. 0.146550)  W=14 
(V(J).LT. 0.146487)  W=16 
(V(J).LT. 0.144456)  VV=16 
(V(J).LT. 0.143460)  W=17 
V(J).LT. 0.142501)  W=18 
.LT. 0.141550) 

.LT. 0.140647) 


IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 


W=19 

VV=20 


100 


102 

28^ 


202 

201 


IF 

GO  TO  100 
DO  101  DS-1 ,DD 
DO  102  ¥S=1,VV 

SEq(VS,DS)=SEq(VS,DS)+l 
COrrilDE 
COITIIDE 
COITIIuE 

DO  201  DS=1,20 
DO  202  VS=1,20 

SEq(VS,DS)=l-(SEq(VS,DS)/REP) 

COITIIDE 
COITIIUE 

PRIIT  40O,((SEq(RO,CO),  C0=1 ,COL) ,R0=1 ,ROW) 
400  F0EMAT(6(2I,20F6.5/)) 

500  COITIIDE 
1000  COITIIUE 
STOP 
EID 

SUBROUTIIE  CNLE(NEDIAI,SEMiq,KLEL,MLES) 

COMMOI  X(IOOOO) ,P1,IR1,RI,K1 

REAL  MLEL , NLES , NED I AI , MLELT , MLEST , NLESSq 

MLEL=MEDIAI 

MLES=SEMiq 

INAX=100 

40  ml!lt=iilel 

MLEST=MLES 

SUM0=0 

SUM1=0 

MLESSq=MLES**2 

DO  41  1=1 ,K1 

Z=MLESSq+ (X ( I ) -MLEL) **2 

SDM0=SDM0+1./Z 

SDM1=SDM1+X(I)/Z 

41  COITIIDE 

TMLES  =DFLO AT (K 1 ) /2 . DO/SUMO/ MLES *  * ( 1 .5) 

MLES=TMLES**2 

MLEL= SDMI /SUMO 

ITER=ITER+1 

IF  (ITER.GT.IMAX)  GO  TO  46 
IF  (ABS(MLEL-MLELT) .GT. . 001+MLES)  GO  TO  40 
IF  (ABS(MLES-MLEST) .GT. .05*MLES)  GO  TO  40 
45  RETURI 
EID 
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Appendix  B.  Computer  Code  For  Power  Studies 


B.  1  FORTRAN  Code  for  Power  Study  of  Standard  Testa 

COMMOI  X( 10000) ,P1,IR1,RI, XI 
IITEGER  IR1 

REAL  &( 10000) .DISA(SOOOO) .DISB(SOOOO) , 

1  D(SOOOO) ,V (60000) 

REAL  D01 , V01 ,D06,V06 ,D10 , V10 ,D15 , VIS ,D20 , V20 
DOUBLE  PRECISZOI  DSEED1 .DSEED2 ,U( 10000) 

mamw 

PRIIT  *,»*****♦•  power  for  distributions  ******** 
REP =60000 

PRIIT  *, ’using’ , REP, ’replications’ 

DO  1000  TYPE=1 ,6 

IF  (TYPE.EQ.l)  PRIIT  *,’***PWR  CAUCHY***’ 

* . * ***PWR  I0RNAL*** * 

>,’***PWR  EXPOIEITIAL*** ’ 
*.’***PWR  BETA(3,3)***» 


IF  (TYPE.EQ.2)  PRIIT 
IF  (TYPE.Eq.3)  PRIIT 
IF  (TYPE.Eq.4)  PRIIT 


IF  (TYPE.Eq.5)  PRIIT  *,’***P1IR  GAMMA***’ 

IF  (TYPE.Eq.6)  PRIIT  *,’***PMR  WEIBULL***’ 

DO  600  Kl=6,50,6 
MI=Kl/2 
■R1=K1 

gg?Io,R1 

V01=0 

D06=0 

g?g=8 

V10=0 

D1S=0 

V15=0 

m 

CALL  RISET  (DSEED1) 

DO  100  J=1,REP 

*#*#«]**#***4i#4i***«**4i4i4i*#****«*4>************************ 

;i«::ss5S55i?*Bs*^i?ss5*^?*Bs*suuimis«i«:::: 

IF(TYPE.Eq.l)  GO  TO  1 
IF(TYPE.Eq.2)  GO  TO  2 
IF(TYPE.Eq.3)  GO  TO  3 
IF(TYPE.Eq.4)  GO  TO  4 
IF(TYPE.Eq.B)  GO  TO  5 
IF(TYPE.Eq.6)  GO  TO  6 

1  CALL  RICHY  (IR1.R) 

GO  TO  16 

2  CALL  RIIOR  (IR1,R) 

GO  TO  16 

3  CALL  RIEXP  (IR1,R) 

GO  TO  16 

4  CALL  RIBET  (IR1,2. ,3. ,R) 

GO  TO  15 

6  CALL  RIGAM  (IR1,2.,R) 

GO  TO  16 

6  CALL  RIVIB  (HR1,3.5,R) 

15  DO  10  1=1, IR1 

X(I)=R(I)*10. 0+0.0 

i2*****  *********************** 

******Qrder  the  Variates****** 
******$i**A*******A$********** 

IM=K1-1 
DO  30  1=1, IM 
JM=K1-I 
DO  20  K=1,JM 

IF(X(K).LT.X(K+1))  GO  TO  20 
TEMP=X(K) 
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X(X)=X(K+1) 

X(K+1)=TEMP 


cSSflJS^ 

IF  (M0D(IR1,2) .EQ.O) 


IF  (M0D(IR1,2) .EQ.O)  THE! 

XMED=(X(M*+l)+X(MI))/2.0 

ELSE 

XMED=X((IRl+l)/2) 

EIDIF 

NEDIAI=XMED 

SEMIQ-10.0 

*********************************** 

CALL  CMLE(MEDIAI,SEMiq,MLEL,MLES) 

DO  60  1=1, K1 

U(I)=.o+.31831*ATAI((X(I)-MLEL)/MLES) 

********************************* 

DISB(J)=(U(1)) 

DISA(J)=(1/SIZE-U(1)) 

DO  60  1=2, K1 
D1=(U(I)-(I-1)/SIZE) 

IF  (Dl.GT.DISB(J))  DISB( J)=D1 
D2= (I/SIZE) -U(I) 

IF  (D2.GT.DISA(J))  DISA(J)=D2 
60  COKTIIUE 

IF  (DISA(J) .GT.DISB(J))  THE! 

D(J)=DISA(J) 

PT  <5K 

D(J)=DISB(J) 

EIDIF 

V(J)=DISA(J)+DISB(J) 

************************************************* 
IF  (Kl.Eq.5)  GO  TO  106 
IF  (Kl.Eq.10)  GO  TO  110 
IF  (Kl.Eq.16)  GO  TO  116 
IF  (Kl.Eq.20)  GO  TO  120 
IF  (Kl.Eq.26)  GO  TO  126 
IF  (Kl.Eq.30)  GO  TO  130 
IF  (Kl.Eq.36)  GO  TO  136 
IF  (Kl.Eq.40)  GO  TO  140 
IF  (Kl.Eq.46)  GO  TO  146 
IF  (Kl.Eq.50)  GO  TO  160 
***  Critical  value  comparison  ior  n=6*** 

106  IF  (D(J).GT. 0.380667)  D01=D01+1 

IF  (D(J).GT. 0.348933)  D05=D05+1 
IF  (D(J).GT. 0.323392)  D10=D10+1 
IF  (D(J).GT. 0.303610)  D15=D16+1 
IF  (D(J).GT. 0.287831)  D20=D20+1 
IF  (V(J).GT. 0.406213)  V01=V01+1 
IF  (V(J).GT. 0.397407)  V06=V06+1 
IF  (V(J).GT. 0.392642)  V10=V10+1 
IF  (V(J).GT. 0.387390)  V16=V16+1 
IF  (V(J).GT. 0.381960)  V20=V20+1 
GO  TO  100 

***  Critical  value  comparison  lor  n=10*** 

110  IF  (D(J).GT. 0.300736)  D01=D01+1 

IF  (D(J).GT. 0.267969)  D06=D06+1 
IF  (D(J).GT. 0.235709)  D10=D10+1 
IF  (D(J).GT. 0.220736)  D15=D15+1 
IF  (D(J).GT. 0.209604)  D20=D20+1 
IF  (V(J).GT. 0.362358)  V01=V01+1 
IF  (V(J).GT. 0.330308)  V05=V05+1 
IF  (V(J).GT. 0.310818)  V10=V10+1 
IF  (V(J).GT. 0.297784)  V15=V15+1 
IF  (V(J).GT. 0.288634)  V20=V20+1 
GO  TO  100 

***  Critical  value  comparison  for  n=15*** 

115  IF  (D(J) .GT. 0.253469)  D01=D01+1 

IF  (D(J).GT. 0.216367)  D05=D06+1 
IF  (D(J).GT. 0.196782)  D10=D10+1 


B-2 


IF  (D(J).GT. 0.184310)  D16=D16+1 
IF  (D(J).GT. 0.175249)  D20=D20+1 
IF  (V(J).GT. 0.308774)  V01=V0i+l 
IF  (V(J).GT. 0.278230)  V05=V06+1 
IF  (V(J).GT. 0.261920)  V10=V10+1 
IF  (V(J).GT. 0.251576)  V15=V16+1 
IF  (V(J).GT. 0.243588)  V20=V20+1 
GO  TO  100 

***  Critical  value  comparison  lor  n=20*** 
120  IF  (D(J).GT. 0.221813)  D01=D01+1 
IF  (D(J).GT. 0.188666)  D05=D05+1 
IF  (D(J).GT. 0.171635)  D10=D10+1 
IF  (D(J).GT. 0.160981)  D15=D15+1 
IF  (D(J).GT. 0.153013)  D20=D20+1 
IF  (V(J) .GT. 0.272266)  V01=V01+1 
IF  (V(J).GT. 0.244890)  V05=V05+1 
IF  (V(J).GT. 0.230918)  V10=V10+1 
IF  (V(J).GT. 0.221941)  V16=V16+1 
IF  (V(j).GT. 0.214768)  V20=V20+1 
GO  TO  100 

***  Critical  value  comparison  1  or  n=2S*** 
126  IF  (D(J).GT. 0.198853)  D01=D01+1 

IF  (D(J).GT. 0.189680)  D05=D05+1 
IF  (D(J).GT. 0.154988)  D10=D10+1 
IF  (D(J).GT. 0.146242)  D15=D15+1 
IF  (D(J).GT. 0.138109)  D20=D20+1 
IF  (V(J).GT. 0.246377)  V01=V01+1 
IF  (V(J).GT. 0.221437)  V06=V06+1 
IF  (V(J).GT. 0.208693)  V10=V10+1 
IF  (V(J).GT. 0.200177)  V16=V15+1 
IF  (V(J).GT. 0.193583)  V20=V20+1 
GO  TO  100 

+**  Critical  value  comparison  Tor  n=30*** 
130  IF  CD(J).GT. 0.182721)  D01=D01+1 

IF  (D(J).GT. 0.156299)  D05=D05+1 
IF  (D(J).GT. 0.141785)  D10=D10+1 
IF  (D(J).GT. 0.133113)  D16=D15+1 
IF  (D(J).GT. 0.126582)  D20=D20+1 
IF  (VCJ).GT. 0.227202)  V01=V01+1 
IF  (V(J).GT. 0.203890)  V05=V05+1 
IF  (V(J).GT. 0.192283)  V10=V10+1 
IF  (V(J).GT. 0.184601)  V16=V16+1 
IF  (V(J).GT. 0.178265)  V20=V20+1 
GO  TO  100 

***  Critical  value  comparison  lor  n=36*** 
135  IF  (D(J).GT. 0.170239)  D01=D01+1 

IF  (D(J).GT. 0.144396)  D05=D05+1 
IF  (D(J).GT. 0.131807)  D10=D10+1 
IF  (D(J).GT. 0.123711)  D15=D15+1 
IF  (D(J).GT. 0.117512)  D20=D20+1 
IF  (V(J).GT. 0.212538)  V01=V01+1 
IF  (V(J).GT. 0.189974)  V05=V05+1 
IF  (V(J).GT. 0.179019)  V10=V10+1 
IF  (V(J).GT. 0.171636)  V15=V15+1 
IF  (V(J).GT. 0.165903)  V20=V20+1 
GO  TO  100 

***  Critical  value  comparison  lor  11=40*** 
140  IF  (D(J).GT. 0.159956)  D01=D01+1 

IF  (D(J).GT. 0.135528)  D05=D0S+1 
IF  (D(J).GT. 0.123610)  D10=D10+1 
IF  (D(J).GT. 0.116023)  D15=D16+1 
IF  (D(J).GT. 0.110250)  D20=D20+1 
IF  (V(J).GT. 0.199685)  V01=V01+1 
IF  (V(J).GT. 0.178778)  V05=V05+1 
IF  (V(J).GT. 0.168041)  V10=V10+1 
IF  (V(J).GT. 0.161187)  V15=V15+1 
IF  (V(J).GT. 0.155927)  V20=V20+1 
GO  TO  100 

***  Critical  value  comparison  lor  n=45*** 
146  IF  (D(J).GT. 0.151557)  D01=D01+1 

IF  (D(J).GT. 0.128673)  D05=D05+1 
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(D(J).GT. 0.117169)  D10=D10+1 
(D(J).GT. 0.110043)  D16=D16+1 
T)(J). GT. 0.104548)  D20=D20+1 
(V(J).GT. 0.189803)  V01=V01+1 
(V(J).GT. 0.169454)  V06=V05+1 
(V(J).GT. 0.169004)  V10=V10+1 
(V(J).GT. 0.152553)  V16=V16+1 
(V(J).GT. 0.147684)  V20=V20+1 
GO  TO  100 

***  Critical  value  comparison  lor  n=50*** 
(D(J).GT. 0.142628)  D01=D01+1 
(D(J).GT. 0.122067)  D06=D06+1 
(D(J).GT. 0.111227)  D10=D10+1 
(D(J).GT. 0.104346)  D16=D16+1 
(D(J).GT. 0.0991641)  D20=D20+1 
(V(J).GT. 0.179643)  V01=V01+1 
(V(J).GT. 0.160997 
(V(J).GT. 0.161704 
(V(J).GT. 0.146487 


160 


100 


V05=V05+i 

V10=V10+1 

V16=V16+1 


600 

1000 


IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 

IF  (V(J).GT. 0.140647)  V20=V20+1 
GO  TO  100 
COITIIUE 

PRIVT  *,'For  Sample  eize’.IRl,’  the 
*.»D  ALPHA  1=»,D01/REP,*  V 

»D  ALPHA  6=’ ,006/REP, ’  V 

PRIIT  *,>D  ALPHA  10=', DIO/REP,'  V 

PRUT  *,’D  ALPHA  16=’ ,016/REP,  ’  V 

PRIIT  *,’D  ALPHA  20=  ’.D20/REP,’  V 
COITIIUE 
COITIIUE 
STOP 
EID 


PRIIT 

PRIIT 


power 

ALPHA 

ALPHA 

ALPHA 

ALPHA 

ALPHA 


lor  D  and  V* 
1=> .VOl/REP 
6=’ .V06/REP 
10=\V10/REP 
16=’ .V16/REP 
20=’ .V20/REP 


40 


41 


46 


SUBROUTIIE  CHLE(NEDIAI ,SEMiq ,MLEL ,MLES) 
COHHOI  X(IOOOO) ,P1 ,IR1 ,RI,K1 
REAL  MLEL ,MLES ,NEDIAI ,HLELT ,MLEST ,MLESSQ 
MLEL=MEDIAI 
NLES=SEMiq 
-1=1°° 


MLELT=MLEL 

M ISMLES 

SUH1=0 

HLESS  Q=MLES * * 2 

DO  41  1=1 ,K1 

Z=HLESSq+(X(I)-MLEL)**2 

SUH0=SUM0+1./Z 

SUH1=SUM1+X(I)/Z 

COITIIUE 

TMLES=DFLOAT (Kl)/2. DO/SUMO/MLES*  * (1.6) 

MLES=TMLES**2 

MLEL=SUM 1 /SUMO 

ITER=ITER+1 

IF  (ITER.GT.IMAX)  GO  TO  46 

IF  (ABS(MLEL-MLELT) .GT. .001*MLES)  GO  TO  40 

IF  (ABS(MLES-MLEST).GT. .05*MLES)  GO  TO  40 

RETURI 

EID 
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B.2  FORTRAN  Code  for  Power  Study  of  Sequential  Testa 

COMMOl  X(IOOOO) ,P1,IE1,RI,K1 
IITEGER  IR1 ,CC,VV,ROV,COL 
PARAMETER  (R0W=20,C0L=20) 

REAL  MEDIAE, SEQ(l:RO«,l:COL) 

REAL  MLEL,MLES, XX (50000) ,Y(60000) 

REAL  R( 10000) ,DISA(50000) ,DISB(50000) ,C(50000) , 

1  D(SOOOO) ,V(50000) ,CV(50000) 

DOUBLE  PRECISIOI  DSEED 1,DSEED2,U( 10000 ) ,UC( 10000) 

******H$;S»  ************************** 

♦♦♦♦♦♦Sequential  Test  Poser  Program****** 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

PRUT  * , ’ **SEQUEITIAL  TEST-CVC cols) REFLECTED  and  V(ross)**’ 
PRIIT  *, ’Poser  of  sequential  test  with* ,REP , ’  replications’ 
DO  1000  TYPE=1 ,6 

IF  (TYPE.Eq.l)  PRIIT  *,’***PWR  CAUCHY***’ 

IF  (TYPE.EQ.2)  PRIIT  *,’***PWR  I0RMAL***’ 

IF  (TYPE.EQ.3)  PRIIT  *,’***PWR  EXPOIEITIAL***’ 

IF  (TYPE.EQ.4)  PRIIT  *,’***PWR  BETA(3,3)***’ 

IF  (TYPE.Eq.5)  PRIIT  *,’***PWR  GAMMA***’ 

IF  (TYPE.Eq.6)  PRIIT  *,’***PWR  HEIBULL***’ 

DO  GOO  Kl=5,50,6 

PRIIT  * , ’ ****Sample  Size  E=’ ,K1, ’****’ 

K2=K1*2 

MI=Kl/2 

■R1=K1_ 

SIZE=IR1 
DO  1  DS=1,20 

DO  2  VS=1,20 
SEq(VS,DS)=0 

2  COITIIUE 
1  COITIIUE 

CALL  RISET  (DSEED1) 

DO  200  J=1 ,REP 

♦♦♦♦♦♦♦♦♦♦♦♦**♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦ 

IF(TYPE.Eq.l)  GO  TO  3 
IF(TYPE.Eq.2)  GO  TO  4 
IF(TYPE.Eq.3)  GO  TO  5 
IF(TYPE.Eq.4)  GO  TO  6 
IF(TYPE.Eq.S)  GO  TO  7 
IF(TYPE.Eq.6)  GO  TO  8 

3  CALL  RICHY  (IR1,R) 

GO  TO  15 

4  CALL  RIIOR  (HR1 ,R) 

GO  TO  15 

5  CALL  RIEXP  (IR1,R) 

GO  TO  16 

CALL  RIBET  (MR1,2. ,3. ,R) 

GO  TO  16 

CALL  RIGAM  (IR1.2..R) 

GO  TO  15 

CALL  RIWIB  (IR1.3.5.R) 

DO  10  1=1, IR1 

X(I)=R(I)*10. 0+0.0 

♦♦♦♦♦  mm  *************** 

IM=K1-1 
DO  30  1=1, IM 
JM=K1-I 
DO  20  K=1 , JM 

IF(X(K).LT.X(K+1))  GO  TO  20 
TEMP=X(K) 

X(K)=X(K+1) 

X(K+1)=TEMP 

20  COITIIUE 

30  COITIIUE 


6 


8 

16 
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IF  (MOD(IHl,2).Eq.O)  THEI 

XMED=(X(HI+l)+X(l!I))/2.0 

ELSE 

XNED=X(  (IR1+D/2) 


lil-1 

IQ=1C 


32 


34 


IM2= _ 

DO  37 


__  =XMED 
SEMIQ=10.0 
*********************************** 

CALL  CMLE(MEDIAI,SEMiq,MLEL,MLES) 

DO  32  1*1, K1 

Y(I)=X(I)-HLEL 
corriiuE 
DO  34  1=1, K1 

XX(I)=Y(I)+MLEL 
XX(I+K1)=-Y(I)+MLEL 
COST I  HIE 
“  2=K2-1 

1*1, IM2 
JM2=K2-1 
DO  36  K=1 , JM2 

IFCXX(K) .LT.XX(K+1))  GO  TO  36 
TEM=XX(K) 

XX(K)=XX(K+1) 

XX(K+1)=TEM 
corn  sue 
COITIIUE 
DO  60  1=1 ,K1 

U(  I )  = . 5+ . 3 183 1* ATAS ( ( X ( I ) -MLEL) /MLES) 

S******S*?J*^1**************************************** 

DISBC J)=(0(1)) 

DISA(J)=(1/SIZE-U(1)) 

DO  60  1=2 ,K1 
D1=(D(I)-(I-1)/SIZE) 

IF  (Dl.GT.DISB(J))  DISB(J)=D1 
D2=( I/SIZE) -U( I) 

IF  (D2.GT.DISA(J))  DISA(J)=D2 
COHTISUE 

IF  (DISA(J) .GT.DISB(J))  THEI 
D(J)=DISA(J) 

FI  ^F 

D(J)=DISB(J) 

EHDIF 

V(J)=DISA(J)+DISB(J) 

DO  66  1=1 ,K2 

UC(I)=.5+.31831*ATAI((XX(I)-HLEL)/HLES) 
COITIIUE 
TEMP1=K2 
WS=0. 

DO  70  1=1, K2 
G2=I 

C(I)=(UC(I)-(2.*G2-1.)/(2.*TEMP1))**2 
HS=MS+C(I) 

COITIIUE 

CV(J)=1./(12.0*TEHP1)+WS 
******************************************************* 


36 

37 


& 


60 


66 


70 


IF 

(Kl.Eq.6)  GO  TO  106 

IF 

(Kl.Eq.10) 

GO 

TO 

110 

IF 

(Kl.Eq.16) 

GO 

TO 

116 

IF 

(Kl.Eq.20) 

GO 

TO 

120 

IF 

(Kl.Eq.25) 

GO 

TO 

126 

IF 

(Kl.Eq.30) 

GO 

TO 

130 

IF 

(Kl.Eq.35) 

GO 

TO 

135 

IF 

(Kl.Eq.40) 

GO 

TO 

140 

IF 

(Kl.Eq.45) 

GO 

TO 

145 

IF 

(Kl.Eq.50) 

GO 

TO 

150 

***  Critical  value  comparison  lor  n=5*** 

106 


IF  (CV(J).LT. 0.0702261)  CC=1 
IF  (CV(J).LT. 0.0636702)  CC=2 
IF  (CV(J).LT. 0.0606072)  CC=3 
IF  (CV(J).LT. 0.0683631)  CC=4 
IF  (CV(J).LT. 0.0666944)  CC=5 
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IF  (CV(J).LT. 0.0649783)  CC=6 
IF  (CV(J).LT. 0.0537795)  CC=7 
IF  (CV(J).LT. 0.0526234)  CC=8 
IF  (CV(J).LT. 0.0615826)  CC=9 
IF  (CVCJ).LT. 0.0606471)  CC=10 
IF  (CV(J).LT. 0.0497845)  CC=11 
IF  (CV(J).LT. 0.0488882)  CC=12 
IF  (CV(J).LT. 0.0481278)  CC=13 
IF  (CV(J).LT. 0.0473964)  CC=14 
IF  (CV(J).LT. 0.0466730)  CC=15 
IF  (CV(J).LT. 0.0460226)  CC=16 
IF  (CV(J).LT. 0.0453367)  CC=17 
IF  (CV(J).LT. 0.0446667)  CC=18 
IF  (CV(J).LT. 0.0439843)  CC=19 
IF  (CV(J).LT. 0.0433629)  CC=20 

IF  (V(J).LT. 0.406213)  W=1 
IF  (V(J).LT. 0.401048)  W=2 
IF  CV<J).LT. 0.399306)  W=3 
IF  (V(J).LT. 0.398356)  VV=4 
IF  (V(J).LT. 0.397407)  V7=5 
IF  (V(J).LT. 0.396364)  W=6 
IF  (V(J).LT. 0.395401)  W=7 
IF  (V(J).LT. 0.394481)  W=8 
IF  (V(J).LT. 0.393514)  W=9 
IF  (V(J).LT. 0.392642)  VV=10 
IF  (V(J).LT. 0.391471)  VV=11 
IF  (V(J).LT. 0.390410)  VV=12 
IF  (VCJ).LT. 0.389397)  VV=13 
IF  (V(J).LT. 0.388354)  W=14 
IF  (V(J).LT. 0.387390)  VV=16 
IF  (V(J).LT. 0.386293)  W=18 
IF  (V(J).LT. 0.385183)  VV=17 
IF  (V(J).LT. 0.384116)  W=18 
IF  (V(J).LT. 0.383058)  VV=19 
IF  (V(J).LT. 0.381950)  VV=20 
GO  TO  100 

**+  Critical  value  ccayarison  lor  n=10*** 
110  IF  (CV(J).LT. 0.102571)  CC=1 

IF  (CV(J).LT. 0.0889877)  CC=2 
IF  (CV(J).LT. 0.0807142)  CC=3 
IF  (CV(J).LT. 0.0760680)  CC=4 
IF  (CV(J).LT. 0.0708767)  CC=5 
IF  (CV(J).LT. 0.0673681)  CC=6 
IF  (CV(J) . LT.0.0645S54)  CC=7 
IF  (CV(J).LT. 0.0618520)  CC=8 
IF  (CV(J).LT. 0.0696310)  CC=9 
IF  (CV(J).LT. 0.0674351)  CC=10 
IF  (CV(J).LT. 0.0554654)  CC=11 
IF  (CV(J).LT. 0.0538364)  CC=12 
IF  (CV(J).LT. 0.0522987)  CC=13 
IF  (CV(J).LT. 0.0508808)  CC=14 
IF  (CV(J).LT. 0.0495772)  CC=15 
IF  (CV(J).LT. 0.0484588)  CC=16 
IF  (CV(J).LT. 0.0472593)  CC=17 
IF  (CV(J).LT. 0.0462163)  CC=18 
IF  (CVfJ).LT. 0.0453215)  CC=19 
IF  (CV(J) .LT. 0.0443938)  CC=20 

IF  (V(J).LT. 0.362358)  VV=1 
IF  (V(J).LT. 0.350301)  VV=2 
IF  (VC J)  .LT. 0.342236)  W=3 
IF  (V(J) .LT. 0.335947)  VV=4 
IF  (V(J).LT. 0.330308)  VV=5 
IF  (V(J).LT. 0.325581)  W=6 
IF  (V(J).LT. 0.321081)  VV=7 
IF  (V(J).LT. 0.317228)  W=8 
IF  (V(J).LT. 0.313804)  VV=9 
IF  (V(J).LT. 0.310818)  W=10 
IF  (V(J).LT. 0.307851)  VV=il 
IF  (V(J).LT. 0.305186)  VV=12 
IF  (V(J).LT. 0.302668)  W=13 
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IF  (V(J).LT. 0.300115)  W=14 
IF  (V(J).LT. 0.297784)  W=1S 
IF  (V(J).LT. 0.295760)  W=16 
IF  (V(J).LT. 0.293806)  W=17 
IF  (V(J).LT. 0.291948)  W=18 
IF  (V(J).LT. 0.290337)  W=19 
IF  (V(J).LT. 0.288634)  W=20 
GO  TO  100 

***  Critical  value  comparison  lor  n=15*** 
115  IF  (CV(J).LT. 0.103407)  CC=1 

IF  (CV(J).LT. 0.0894693)  CC=2 
IF  (CV(J).LT. 0.0811374)  CC=3 
IF  (CVCJ).LT. 0.0751600)  CC=4 
IF  (CV(J).LT. 0.0712666)  CC=5 
IF  (CV(J).LT. 0.0675678)  CC=6 
IF  (CV(J).LT. 0.0647024)  CC=7 
IF  (CV(J).LT. 0.0820672)  CC=8 
IF  (CV(J).LT. 0.0697673)  CC=9 
IF  (CV(J).LT. 0.0675473)  CC=10 
IF  (CV(J).LT. 0.0656146)  CC=11 
IF  (CV(J).LT. 0.0639368)  CC=12 
IF  (CV(J).LT. 0.0623847)  CC=13 
IF  (CV(J).LT. 0.0509995)  CC=14 
IF  (CV(J).LT. 0.0497925)  CC=15 
IF  (CV(J).LT. 0.0486072)  CC=16 
IF  (CV(J).LT. 0.0473903)  CC=17 
IF  (CV(J).LT. 0.0464050)  CC=18 
IF  (CV(J).LT. 0.0453916)  CC=19 
IF  (CV(J).LT. 0.0444772)  CC=20 

IF  (V(J).LT. 0.308774)  W=1 
IF  (V(J).LT. 0.297009)  W=2 
IF  (V(J).LT. 0.288803)  VV=3 
IF  (V(J).LT. 0.282916)  W= 4 
IF  (VCJ).LT. 0.278230)  W=6 
IF  (V(J).LT. 0.274196)  W=6 
IF  (V(J).LT. 0.270512)  VV=7 
IF  (V(J).LT. 0.267693)  VV=8 
IF  (V(J).LT. 0.264767)  VV=9 
IF  (V(J).LT. 0.261920)  VV=10 
IF  (VfJ).LT. 0.259468)  W=ll 
IF  (V(J).LT. 0.267261)  W=12 
IF  (V(J).LT. 0.256208)  VV=13 
IF  (V(J).LT. 0.253388)  VV=14 
IF  (V(J).LT. 0.261576)  VV=15 
IF  (VfJ).LT. 0.249770)  W=16 
IF  (V(J).LT. 0.248089)  W=17 
IF  (V(J).LT. 0.246536)  VV=18 
IF  (V(J).LT. 0.245045)  VV=19 
IF  (V(J).LT. 0.243568)  VV=20 
GO  TO  100 

***  Critical  value  comparison  Tor  n=20*** 
120  IF  (CV(J).LT. 0.104592)  CC=1 

IF  (CV(J).LT. 0.0901711)  CC=2 
IF  (CV(J).LT. 0.0817736)  CC=3 
IF  (CV(J).LT. 0.0755807)  CC=4 
IF  (CV(J).LT. 0.0713287)  CC=6 
IF  (CV(J).LT. 0.0677571)  CC=6 
IF  (CV(J).LT. 0.0648615)  CC=7 
IF  (CV(J).LT. 0.0621679)  CC=8 
IF  (CV(J).LT. 0.0599699)  CC=9 
IF  (CV(J).LT. 0.0576146)  CC=10 
IF  (CV(J).LT. 0.0558291)  CC=11 
IF  (CV(J).LT. 0.0639403)  CC=12 
IF  (CVfJ).LT. 0.0624849)  CC=13 
IF  (CV(J).LT. 0.0610762)  CC=14 
IF  (CV(J).LT. 0.0497996)  CC=15 
IF  (CV(J).LT. 0.0485610)  CC=16 
IF  (CV(J).LT. 0.0474320)  CC=17 
IF  (CV(J).LT. 0.0464067)  CC=18 
IF  (CV(J).LT. 0.0454521)  CC=19 
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IF  (CV(J).LT. 0.0444864)  CC=20 

IF  (V(J).LT. 0.272266)  W=1 
IF  (V(J).LT. 0.261501)  W= 2 
IF  (V(J).LT. 0.254443)  W=3 
IF  (V(J).LT. 0.249244)  VV=4 
IF  (VC J).LT. 0.244890)  W=5 
IF  (V(J).LT. 0.241337)  W=6 
IF  (V(J).LT. 0.238144)  W=7 
IF  (V(J).LT. 0.235413)  VV=8 
IF  (V(J).LT. 0.233092)  VV=9 
IF  (V(J).LT. 0.230918)  W=10 
IF  (V(J).LT. 0.228931)  W=ll 
IF  (V(J).LT. 0.226946)  W=12 
IF  (V(J).LT. 0.225199)  VV=13 
IF  (V(J).LT. 0.223500)  VV=14 
IF  (V(J).LT. 0.221941)  W=15 
IF  (V(J).LT. 0.220377)  W=16 
IF  (V(J).LT. 0.218890)  VV=17 
IF  (V(J).LT. 0.217570)  W=18 
IF  (V(J).LT. 0.216145)  VV=19 
IF  (V(J).LT. 0.214768)  VV=20 
GO  TO  100 

***  Critical  value  comparison  lor  n=25*** 
125  IF  (CV(J).LT. 0.103467)  CC=1 

IF  (CV(J).LT. 0.0900418)  CC=2 
IF  (CV(J).LT. 0.0819794)  CC=3 
IF  (CV(J).LT. 0.0756484)  CC=4 
IF  (CV(J).LT. 0.0708376)  CC=5 
IF  (CV(J).LT. 0.0670660)  CC=6 
IF  (CV(J).LT. 0.0641413)  CC=7 
IF  (CV(J).LT. 0.0616871)  CC=8 
IF  (CV(J).LT. 0.0693789)  CC=9 
IF  (CV(J).LT. 0.0573742)  CC=10 
IF  (CV(J).LT. 0.0654607)  CC=11 
IF  (CV(J).LT. 0.0537461)  CC=12 
IF  (CV(J).LT. 0.0622500)  CC=13 
IF  (CV(J).LT. 0.0609438)  CC=14 
IF  (CV(J).LT. 0.0497395)  CC=15 
IF  (CV(J).LT. 0.0485138)  CC=16 
IF  (CV(J).LT. 0.0474082)  CC=17 
IF  (CV(J).LT. 0.0463046)  CC=18 
IF  (CV(J).LT. 0.0452727)  CC=19 
IF  (CV(J).LT. 0.0443659)  CC=20 

IF  (V(J).LT. 0.246377)  W=1 
IF  (V(J).LT. 0.236634)  W=2 
IF  (V(J).LT. 0.230419)  VV=3 
IF  (V(J).LT. 0.225317)  VV=4 
IF  (V(J).LT. 0.221437)  W=5 
IF  (V(J).LT. 0.218211)  VV=6 
IF  (V(J).LT. 0.215616)  W=7 
IF  (V(J) .LT. 0.213088)  VV=8 
IF  (V(J).LT. 0.210855)  W=9 
IF  (V(J) .LT. 0.208693)  W=10 
IF  (V(J).LT. 0.206684)  VV=11 
IF  (V(J).LT. 0.204962)  VV=12 
IF  (V(J).LT. 0.203246)  VV=13 
IF  (V(J).LT. 0.201698)  W=14 
IF  (V(J).LT. 0.200177)  W=15 
IF  (V(J) .LT. 0.198669)  VV=16 
IF  (V(J).LT. 0.197300)  W=17 
IF  (V(J).LT. 0.196057)  VV=18 
IF  (V(J).LT. 0.194778)  VV=19 
IF  (V(J).LT. 0.193583)  VV=20 
GO  TO  100 

***  Critical  value  comparison  Tor  n=30*** 
130  IF  (CV(J).LT. 0.104427)  CC=1 
IF  (CV(J).LT. 0.0897240)  CC=2 
IF  (CV(J).LT. 0.0817723)  CC=3 
IF  (CV(J).LT. 0.0761843)  CC=4 
IF  (CV(J).LT. 0.0716247)  CC=5 
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IF  (CV(J). LT.O. 0681322)  CC=6 
IF  (CV(j).LT. 0.0651339)  CC=7 
IF  (CVCJ).LT. 0.0622602)  CC=8 
IF  (CV(J).LT. 0.0598624)  CC=9 
IF  CCV(J).LT. 0.0677336)  CC=10 
IF  (CV(J).LT. 0.0660750)  CC=11 
IF  (CV(J).LT. 0.0644200)  CC=12 
IF  (CV(J).LT. 0.0627372)  CC=13 
IF  (CV(J).LT. 0.0512857)  CC=14 
IF  (CV(j).LT. 0.0499301)  CC=15 
IF  (CV(J).LT. 0.0487133)  CC=16 
IF  (CV(J).LT. 0.0476791)  CC=17 
IF  (CV(J).LT. 0.0465353)  CC=18 
IF  (CV(J).LT. 0.0456388)  CC=19 
IF  (CV(J).LT. 0.0445131)  CC=20 

IF  (V(J).LT. 0.227202)  W=1 
IF  (V(J).LT. 0.217478)  W=2 
IF  CV(J).LT. 0.211992)  W=3 
IF  (V(J).LT. 0.207429)  W=4 
IF  (V(J).LT. 0.203890)  W=5 
IF  (VCJ).LT. 0.201014)  VV=6 
IF  (V(J).LT. 0.198412)  VV=7 
IF  (V(J).LT. 0.196181)  W=8 
IF  (V(J).LT. 0.194252)  W=9 
IF  (V(J).LT. 0.192283)  W=10 
IF  (V(J).LT. 0.190582)  W=ll 
IF  (V(J).LT. 0.188937)  W=12 
IF  (V(J).LT. 0.187487)  W=13 
IF  (V(J).LT. 0.186989)  W=14 
IF  (V(J).LT. 0.184601)  W=16 
IF  (V(J).LT. 0.183225)  VV=16 
IF  (V(J).LT. 0.181969)  VV=17 
IF  (V(J).LT. 0.180706)  VV=18 
IF  (VCJ).LT. 0.179487)  VV=19 
IF  (V(J).LT. 0.178266)  W=20 
GO  TO  100 

***  Critical  value  comparison  for  n=35*** 
136  IF  (CT(J) .LT.O. 105836)  CC=1 

IF  (CV(J). LT.O. 0905324)  CC=2 
IF  (CV(J). LT.O. 0821766)  CC=3 
IF  (CV(J). LT.O. 0767425)  CC=4 
IF  (CV(J). LT.O. 0724047)  CC=5 
IF  (CV(J). LT.O. 0688610)  CC=6 
IF  (CVCJ). LT.O. 0657629)  CC=7 
IF  (CV(J) .LT.O. 0631797)  CC=8 
IF  (CV(J). LT.O. 0606181)  CC=9 
IF  CCV(J). LT.O. 0584623)  CC=10 
IF  (CV(J). LT.O. 0664873)  CC=11 
IF  (CV(J). LT.O. 0648954)  CC=12 
IF  CCV(J). LT.O. 0532711)  CC=13 
IF  (CV(J). LT.O. 0517999)  CC=14 
IF  (CV(J). LT.O. 0503279)  CC=15 
IF  (CV(J). LT.O. 0490880)  CC=16 
IF  (CV(J). LT.O. 0479270)  CC=17 
IF  (CV(J). LT.O. 0468051)  CC=18 
IF  (CV(j). LT.O. 0457812)  CC=19 
IF  (CV(j). LT.O. 0447858)  CC=20 

IF  CV(J). LT.O. 212538)  VV=1 
IF  (V(j). LT.O. 203578)  VV=2 
IF  (V(J)  .LT.O.  197711)  W=3 
IF  (V(j). LT.O. 193327)  VV=4 
IF  (V(j)  .LT.O.  189974)  W=5 
IF  (V(J) .LT.O. 187059)  VV=6 
IF  (V(J). LT.O. 184746)  VV=7 
IF  (V(J) .LT.O. 182545)  VV=8 
IF  (V(J) .LT.O. 180675)  VV=9 
IF  CV(J) . LT.O. 179019)  VV=10 
IF  (V(J) .LT.O. 177468)  VV=11 
IF  (V(J). LT.O. 175884)  W=12 
IF  (V(J). LT.O. 174378)  VV=13 
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IF  (V(J).LT. 0.172864)  VV=14 
IF  (V(J).LT. 0.171636)  VV=15 
IF  (V(J).LT. 0.170427)  W=16 
IF  (V(J).LT. 0.169177)  W=17 
IF  CVCJ) .LT. 0.168085)  VV=18 
IF  (V(J).LT. 0.167000)  W*19 
IF  (V(J).LT. 0.166903)  W=20 
GO  TO  100 

***  Critical  value  comparison  lor  n=40*** 
140  IF  (CV(J).LT. 0.107902)  CC=1 
IF  (CV(J) .LT. 0.0916262)  CC=2 
IF  (CV(J).LT. 0.0826143)  CC=3 
IF  (CV(J).LT. 0.0764809)  CC=4 
IF  (CV(J). LT. 0.0720363)  CC=5 
IF  (CV(J).LT. 0.0681814)  CC=6 
IF  (CV(J).LT. 0.0651440)  CC=7 
IF  (CV(J).LT. 0.0625519)  CC=8 
IF  (CV(J).LT. 0.0601270)  CC=9 
IF  (CV(J).LT. 0.0579023)  CC=10 
IF  (CV(J).LT. 0.0661639)  CC=11 
IF  (CV(J).LT. 0.0644816)  CC=12 
IF  (CV(J).LT. 0.0528670)  CC=13 
IF  (CV(J).LT. 0.0514270)  CC=14 
IF  (CV(J).LT. 0.0500654)  CC=15 
IF  (CV(J).LT. 0.0489102)  CC=16 
IF  (CV(J).LT. 0.0477282)  CC=17 
IF  (CV(J).LT. 0.0466480)  CC=18 
IF  (CV(J).LT. 0.0456274)  CC=19 
IF  (CV(J).LT. 0.0446692)  CC=20 

IF  (V(J).LT. 0.199685)  W=1 
IF  (V(J).LT. 0.191146)  VV=2 
IF  (V(J).LT. 0.186943)  VV=3 
IF  (V(J).LT. 0.181888)  VV=4 
IF  (V(J).LT. 0.178778)  VV=6 
IF  (V(J).LT. 0.176310)  VV=6 
IF  (V(J).LT. 0.173819)  VV*7 
IF  (V(J).LT. 0.171645)  VV=8 
IF  (V(J).LT. 0.169764)  VV=9 
IF  (V(J).LT. 0.168041)  VV=10 
IF  (V(J).LT. 0.166364)  VV=11 
IF  (V(J).LT. 0.186000)  VV=12 
IF  (V(J).LT. 0.183594)  VV=13 
IF  (V(J).LT. 0.182283)  VV=14 
IF  (V(J).LT. 0.161187)  VV=15 
IF  (V(J).LT. 0.160026)  VV=18 
IF  (V(J).LT. 0.168961)  VV=17 
IF  (V(J).LT. 0.167959)  W=18 
IF  (V(J).LT. 0.166938)  VV=19 
IF  (V(J).LT. 0.165927)  VV=20 
GO  TO  100 

***  Critical  value  comparison  for  n=45*** 
146  IF  (CV(J).LT. 0.105865)  CC=1 

IF  (CV(J).LT. 0.0911075)  CC=2 
IF  (CV(J).LT. 0.0827659)  CC=3 
IF  (CV(J).LT. 0.0766944)  CC=4 
IF  (CV(J).LT. 0.0722290)  CC=5 
IF  (CV(J).LT. 0.0686602)  CC=6 
IF  (CV(J).LT. 0.0653492)  CC=7 
IF  (CV(J).LT. 0.0625932)  CC=8 
IF  (CV(J).LT. 0.0603086)  CC=9 
IF  (CV(J).LT. 0.0582346)  CC=10 
IF  (CV(J).LT. 0.0563647)  CC=11 
IF  (CV(J).LT. 0.0548031)  CC=12 
IF  (CV(J).LT. 0.0532327)  CC=13 
IF  (CV(J).LT. 0.0518060)  CC=14 
IF  (CV(J).LT. 0.0504891)  CC=15 
IF  (CV(J).LT. 0.0491818)  CC=16 
IF  (CV(J).LT. 0.0480311)  CC=17 
IF  (CVCJ). LT. 0.0469305)  CC=18 
IF  (CV(J). LT. 0.0458531)  CC=19 
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IF  (CV(J).LT. 0.0448784)  CC=20 

IF  (V(J).LT. 0.189803)  VV=1 
IF  (V(J). LT.O. 181228)  W=2 
IF  (V(J). LT.O. 176167)  VV=3 
IF  (V(J).LT. 0.172471)  VV=4 
IF  (V(J).LT. 0.169454)  W=5 
IF  (V(J) .LT.O . 166867)  VV=6 
IF  (V(J) .LT.O. 164517)  VV=7 
IF  (V(J). LT.O. 162604)  VV=8 
IF  (V(J). LT.O.  160797)  W=9 
IF  (V(J). LT.O. 159004)  W=10 
IF  (V(J). LT.O. 157681)  VV=11 
IF  (7(J). LT.O. 166273)  VV=12 
IF  (V(J). LT.O.  154957)  W=13 
IF  (V(J). LT.O.  153699)  W=14 
IF  (V(J). LT.O. 152553)  W=16 
IF  (V(J). LT.O. 151480)  W=16 
IF  (V(J). LT.O. 150426)  VV=17 
IF  (V(J). LT.O. 149477)  W=18 
IF  (V(J). LT.O. 148528)  W=19 
IF  (V(J). LT.O.  147584)  W=20 
60  TO  100 

***  Critical  value  comparison  Tor  n=50*«* 
CV(J). LT.O. 106204)  CC=1 
CV(J). LT.O. 0917008)  CC=2 
CV(J). LT.O. 0831698)  CC=3 
CV(J). LT.O. 0772085)  CC=4 
CV(J). LT.O. 0724221)  CC=6 
CV(J). LT.O. 0686840)  CC=8 
CV(J). LT.O. 0853126)  CC=7 
CV(J). LT.O. 0627239)  CC=8 
CV(J). LT.O. 0602157)  CC=9 
CV(J) .LT.O. 0582263)  CC=10 
CV(J). LT.O. 0661779)  CC=11 
CV(J). LT.O. 0645328)  CC=12 
CV(J). LT.O. 0529905)  CC=13 
CV(J). LT.O. 0516243)  CC=14 
CV(J). LT.O. 0603497)  CC=16 
CV(J). LT.O. 0491688)  CC=16 
CV(J). LT.O. 0479594)  CC=17 
CV(J). LT.O. 0468486)  CC=18 
CVfJ). LT.O. 0467963)  CC=19 
CV(J). LT.O. 0448157)  CC=20 
IF  (V(J). LT.O. 179643)  W=1 
IF  (V(J). LT.O.  171780)  W=2 
IF  (V(J). LT.O. 167313)  W=3 
IF  (V(J). LT.O. 183940)  VV=4 
IF  (V(J). LT.O. 160997)  VV=5 
IF  (V(J). LT.O. 168580)  VV=6 
IF  (V(J). LT.O. 156534)  VV=7 
IF  (V(J). LT.O. 154742)  W=8 
IF  (V(J). LT.O.  153066)  W=9 
IF  (V(J). LT.O. 151704)  VV=10 
IF  (V(J). LT.O. 150167)  VV=11 
IF  (V(J). LT.O. 148859)  VV=12 
IF  (V(J). LT.O. 147677)  VV=13 
IF  (V(J). LT.O. 146550)  VV=14 
IF  (V(J). LT.O. 145487)  VV=15 
IF  (V(J). LT.O. 144456)  W=16 
IF  (V(J).LT.O. 143460)  VV=17 
IF  (V(J). LT.O. 142501)  VV=18 
IF  (V(J). LT.O. 141550)  VV=19 
IF  (V(J). LT.O. 140647)  VV=20 
GO  TO  100 

100  DO  101  DS=1,CC 


DO  102  VS=1,VV 

SEQ(VS,DS)=SEq(VS,DS)+l 

COITIIDE 

COVTIVUE 

COITIIUE 

DO  201  DS=1 ,20 
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DO  202  VS-1,20 

SEQ(VS,DS)=1-(SEQ(VS,DS)/REP) 

202  coitiiue 

201  COITIIUE 

PKIIT  400,((SEO(RO,CO),  C0=1 ,COL) ,R0=1 .ROW) 
400  F0RMAT(5(2X,20F6.5/)) 

S88o  88BJR1 
BF 


40 


41 


45 


SUBROUTIIE  CMLECHEDIAI.SENIQ.NLEL.HLES) 

CONNOI  1(10000), PI, IR1.RI.K1 

REAL  NLEL.MLES.NEDIAI.MLELT.MLEST.MLESSq 

mmw 

IMAX=100 
0 

=MLEL 

«i3MLEs 

IlI8sq=mles**2 

DO  41  1=1 ,K1 

Z=MLESSq+ (X( I ) -MLEL) **2 

SUM0=SUH0+1./Z 

SUH1=SUM1+X(I)/Z 

COITIIUE 

TMLES=DFL0AT(Kl)/2 .DO/SUMO/MLES**( 1 .5) 

MLES=THLES**2 

MLEL=SUM1/SUN0 

ITER=ITER+1 

IF  ( ITER. GT. IHAX)  GO  TO  46 

IF  (ABS(NLEL-MLELT) .GT. .001*MLES)  GO  TO  40 

IF  (ABS(MLES-NLEST) .GT. .05*MLES)  GO  TO  40 

RETURI 

BID 
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Appendix  C.  Probability  Points 

C.l  Probability  Points  of  KS  and  V  Tests 
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Probaility  Point*  for  n  =  15 


1  -a 

KS 

V 

0.01 

8.36336E-03 

0.143384 

0.03 

8.73131E-03 

0.148915 

0.03 

9.0348 7E-03 

0.153383 

0.04 

9.3751 1E-03 

0.156650  j 

0.05 

9.49S64E-02 

0.169520 

0.06 

9.67763E-03 

0.161977 

o.or 

9.84583B-03 

0.164065 

0.08 

1.00162E-01 

0.166173 

0.09 

1.01678E-01 

0.168014 

0.10 

1.03929E-01 

0.169739 

0.11 

1.04190E-01 

0.171282 

0.13 

0.106320 

0.172653 

0.13 

0.106458 

0.174014  | 

0.14 

0.107668 

0.176167 

0.15 

0.108671 

0.176441  | 

0.16 

0.109688 

0.177637 

|  o.ir 

0.110672 

0.178809 

0.18 

0.111655 

0.180007 

{  0.19 

0.112597 

0.181099 

0.30 

0.113636 

0.182305 

0.31 

0.114440 

0.183366 

0.33 

0.116359 

0.184371 

0.33 

0.116243 

0.185444 

i  0.34 

0.117103 

0.186429 

0.35 

0.117938 

0.187383 

0.36 

0.118854 

0.188425 

0.37 

0.119700 

0.189396 

|  0.38 

0.120586 

0.190367 

i  0.39 

0.121434 

0.191280 

0.30 

0.122297 

0.192188 

0.31 

0.123141 

0.193212 

!  0.33 

0.124008 

0.194146 

|  0.33 

0.134961 

0.195090 

0.34 

0.125816 

0.195995 

0.35 

0.128715 

0.196887  | 

0.36 

0.127611 

0.197802  | 

0.37 

0.128442 

0.198658 

0.38 

0.129277 

0.199597 

1  0.39 

0.130111 

0.200611 

j  0.40 

0.130942 

0.201604 

0.41 

0.131808 

0.202468 

0.43 

0.132730 

0.203386 

|  043 

0.133610 

0.204249 

|  0.44 

0.134520 

0.205092 

0.45 

0.135412 

0.206082 

0.46 

0.136332 

0.207005 

0.47 

0.137214 

0.207964 

0.48 

0.138072 

0.208860 

0.49 

0.139003 

0.209752 

0.50 

0.139933 

0.210689 

Probaility  Point*  for  n  =  15 


1—0 

KS 

V 

0.51 

0.140826 

0.211603 

0.52 

0.141782 

0.212662 

0.53 

0.142738 

0.213512 

0.54 

0.143686 

0.214475 

0.55 

0.144620 

0.215406 

1  0.66 

0.145634 

0.216301 

1  0.57 

0.146646 

0.217237 

j  0.58 

0.147686 

0.218230 

0.59 

0.148606 

0.219226 

0.60 

0.149656 

0.220185 

j  0.61 

0.150752 

0.221194 

j  0.62 

0.151812 

0.222162 

0.63 

0.152878 

0.223197 

0.64 

0.153878 

0.224265 

0.65 

0.15S016 

0.226237 

0.66 

0.156165 

0.226341  ] 

0.67 

0.167295 

0.227382  j 

1  0.68 

0.158438 

0.228538 

0.69 

0.159633 

0.229669 

0.70 

0.160833 

0.230811 

0.71 

0.162049 

0.231943 

0.72 

0.163238 

0.233052 

0.73 

0.164642 

0.234340 

0.74 

0.166091 

0.235511 

0.75 

0.187596 

0.236775 

0.76 

0.169075 

0.238066 

0.77 

0.170563 

0.239452 

0.78 

0.172090 

0.240791 

!  0.79 

0.173666 

0.242190  j 

0.80 

0.175249 

0.243568  1 

0.81 

0.176964 

0.245045  | 

0.82 

0.178587 

0.246536 

0.83 

0.180414 

0.248089 

0.84 

0.182287 

0.249770 

0.85 

0.184310 

0.251576 

0.86 

0.186550 

0.253388 

0.87 

0.188895 

0.255208 

j  0.88 

0.191257 

0.257261 

0.89 

0.193836 

0.259468  | 

0.90 

0.196782 

0.261920 

i  0.91 

0.199756 

0.264767 

0.92 

0.202805 

0.267593 

0.93 

0.206223 

0.270512 

0.94 

0.210458 

0.274198 

0.95 

0.215367 

0.278230  j 

0.96 

0.221104 

0.282916 

0.97 

0.228320 

0.288803 

0.98 

0.237608 

0.297009 

0.99 

0.253469 

0.308774 

C-4 


Probaility  Point*  for  n  =  25 


Probaility  Point*  for  n  =  25 


6.54155E-02 


6.92108E-02 


7.1610613-02 


7.35S50B-02 


7.51278B-02 


7.86053E-02 


7.78224E-03 


7.90414E-02 


8.01455E-02 


8.12001E-02 


8.22564E-02 


8.32516B-02 


8.41384E-03 


8.50542G-02 


8.59240E-O2 


8.67885B-03 


8.76746B-02 


8.84652E-02 


8.9231  IE-02 


8.99971 El-02 


9.071 96E-02 


9.14002B-02 


9.21211B-03 


9.28173B-02 


9.34526E-02 


9.41B60E-02 


9.48452E-02 


9.55883B-02 


9.62486E-02 


9.69304E-02 


9.7685813-02 


9.83968 E-02 


9.90582E-02 


9.9673815-02 


1. 00364 B-01 


1.01022E-01 


1.01641E-01 


1.02387E-01 


1.02961E-01 


1.03672 El-01 


1.04315E-01 


0.104990 


0.105673 


0.106368 


0.107071 


0.107784 


0.108511 


0.109145 


0.109848 


0.110  ’1 


0.113863 


0.118557 


0.121947 


0.134364 


0.126492 


0.138309 


0.130033 


0.131524 


0.133001 


0.134311 


0.135581 


0.136701 


0.137868 


0.139047 


0.140114 


0.141112 


0.142142 


0.143035 


0.143929 


0.144811 


0.145670 


0.146465 


0.147273 


0.148117 


0.148949 


0.149711 


0.150562 


0.151340 


0.152143 


0.152891 


0.153641 


0.154373 


0.155084 


0.155797 


0.156486 


0.157274 


0.158047 


0.158792 


0.159587 


0.160342 


0.161032 


0.161818 


0.162491 


0.163223 


0.163878 


0.164590 


.165291 


0.165949 


0.166636 


0.167418 


0.111296 


0.112027 


0.112713 


0.113450 


0.114184 


0.114896 


0.115648 


0.116435 


0.117195 


0.117967 


0.118803 


0.119603 


0.120387 


0.121193 


0.132038 


0.132928 


0.123807 


0.124786 


0.125700 


0.126729 


0.127709 


0.128803 


0.129839 


0.130968 


.132137 


0.133366 


0.134502 


0.135625 


0.130777 


0.138109 


0.139463 


0.140796 


0.142172 


0.143695 


0.145242 


0.147024 


0.148873 


0.150769 


0.152789 


0.154988 


0.157231 


0.159830 


0.162712 


0.165823 


0.169580 


0.174201 


0.179512 


0.187080 


0.198853 


0.168094 


0.168844 


0.170480 


0.171219 


0.171971 


0.172709 


0.173485 


0.174267 


0.175086 


0.176851 


0.176669 


0.177484 


0.178344 


0.179228 


0.180064 


0.180898 


0.181769 


0.182646 


0.183499 


0.184356 


0.185274 


0.186215 


0.187172 


0.188148 


0.189128 


0.190165 


0.191233 


.192384 


0.193583 


0.194778 


0.196057 


0.197300 


0.198669 


0.200177 


0.201698 


0.203246 


0.204962 


0.206684 


0.208693 


0.210855 


0.213088 


0.215616 


0.218211 


0.221437 


0.225317 


0.230419 


0.236634 


0.246377 


Probaility  Point*  for  n  =  30 


Probaility  Point*  for  n  =  30 


0.01 

5.98898E-02 

0.02 

6.33597E-02 

0.03 

6.57452E-02 

0.04 

6.75668E-02 

0.05 

6.90666E-02 

0.06 

7.03703E-02 

0.07 

7.16771 B-02 

0.08 

7.26864 E-02 

0.09 

7.37899E-02 

0.10 

7.47557E-02 

0.11 

7.56919E-02 

0.12 

7.65460E-02 

0.13 

7.73906B-02 

0.14 

7.82159E-02 

0.15 

7.89423E-02 

0.16 

7.97359B-02 

0.17 

8.04539E-02 

0.18 

8.11871  B-02 

0.19 

8.18545B-02 

0.20 

8. 25600 E-02 

0.21 

8.32643E-02 

0.22 

8.39048E-02 

0.23 

8. 44973 E-02 

0.24 

8.51667E-02 

0.25 

8.58047E-02 

0.26 

8. 64379 E-02 

0.27 

8.70637E-02 

0.28 

8.76926E-02 

0.29 

8.83563E-02 

0.30 

8. 89990 E-02 

0.31 

8.96067E-02 

0.32 

9.02641  E-02 

0.33 

9.08789B-02 

0.34 

9.16084E-02 

0.35 

9.21645E-02 

0.36 

9.27651E-02 

0.37 

9.33271E-02 

0.38 

9. 39590 E-02 

0.39 

9.45566E-02 

0.40 

9.51207E-02 

0.41 

9. 57072 E-02 

0.42 

9.63364E-02 

0.43 

9. 69280 E-02 

0.44 

9.75519E-02 

0.45 

9.82545E-02 

0.46 

9.88904 E-02 

0.47 

9.94754E-02 

0.48 

1.00138E-01 

0.49 

1.00779E-01 

0.50 

1.01427E-01 

1.045S9E-01 


0.1089B1 


0.112089 


0.114378 


0.118372 


0.118206 


0.119741 


0.121167 


0.122600 


0.123846 


0.124944 


0.126021 


0.127011 


0.127966 


0.128848 


0.139705 


0.130607 


0.131469 


0.132296 


0.133131 


0.133918 


0.134697 


0.135483 


0.136275 


0.137033 


0.137767 


0.138469 


0.139174 


0.139914 


0.140634 


0.141228 


0.142077 


0.142750 


0.143457 


0.144178 


0.144825 


0.145474 


0.146114 


0.146762 


0.147454 


0.148121 


0.148764 


0.149365 


0.150026 


0.150699 


0.151392 


0.152088 


0.152819 


0.153472 


0.154154 


1.02099E-01 


1.02763E-01 


1.03456E-01 


1.04144E-01 


1.04883B-01 


0.105629 


0.106343 


0.107072 


0.107747 


0.108480 


0.109191 


0.109869 


0.110690 


0.111443 


0.112178 


0.113013 


0.113819 


0.114604 


0.115461 


0.116373 


.117269 


0.118156 


0.119162 


0.120146 


0.121078 


0.122093 


0.123256 


0.124290 


0.125440 


0.126582 


0.127830 


0.129141 


0.130474 


.131736 


0.133113 


0.134623 


0.136302 


0.137943 


0.139843 


0.141785 


0.143938 


0.146359 


0.148830 


0.151834 


0.155299 


0.159264 


0.164330 


0.171452 


0.182721 


0.154800 


0.155496 


0.156138 


0.156893 


0.157568 


0.158304 


0.159014 


0.159710 


0.160428 


0.161102 


0.161755 


0.162462 


0.163202 


0.163985 


0.164759 


0.165551 


0.166301 


0.167099 


0.167870 


0.168646 


0.169485 


0.170386 


0.171241 


0.172113 


0.173022 


0.174021 


0.175040 


0.176018 


0.177092 


0.178265 


0.179487 


0.180705 


0.181969 


0.183225 


0.184601 


0.185989 


0.187467 


0.188937 


0.190582 


0.192283 


0.194252 


0.196181 


0.198412 


.201014 


0.203890 


.207429 


0.211992 


0.217478 


0.227202 


Probaility  Point*  for  n  =  35 


Probaility  Point*  for  n  =  36 


9.67101  E-02 

5.90379E-03 

1.01372E-01 

6.1031 3E-03 

1.04389E-01 

6.37879E-02 

0.106406 

6.43331E-03 

0.108441 

6.64433E-03 

0.110006 

8.65952E-03 

0.111462 

6.76483B-02 

0.113732 

6.86473E-02 

0.113841 

6.94419E-02 

0.115013 

7.02841B-02 

0.116100 

7.10660E-02 

0.117117 

7.18213E-02 

0.118098 

7.25673E-02 

0.119058 

7.33454E-03 

0.119977 

7.41084E-02 

0.120806 

7.48083B-02 

0.131638 

7.64978E-02 

0.123438 

7.61365E-02 

0.123170 

7.67538B-02 

0.123915 

7.74100E-02 

0.124718 

7.80465B-02 

0.125434 

7.86753E-02 

0.126151 

7.92712B-02 

0.126851 

7.99137E-02 

0.127560 

8.05476E-02 

0.138237 

8.11538E-03 

0.138987 

8.17297E-02 

0.129686 

8.23213E-02 

0.130341 

8.29115E-03 

0.130948 

8.34884E-02 

0.131591 

8.40603E-02 

0.132261 

8.46182E-02 

0.132872 

8.52048B-02 

0.133504 

8.67398E-02 

0.134130 

8.63136E-02 

0.134761 

8.68877E-02 

0.135375 

8.74875E-03 

0.135994 

8.8083 7G-02 

0.136585 

8.86789E-02 

0.137132 

8.921 74E-02 

0.137713 

8.97451B-02 

0.138329 

9.03343E-02 

0.138967 

9.091 59G-02 

0.139592 

9.14667E-02 

0.140208 

9.20167E-02 

0.140861 

9.261 39B-02 

0.141468 

9.31614B-02 

0.142079 

9.37907B-02 

0.142711 

9.43696 E-02 

0.143399 

9.49958B-02 


9.56031E-02 


9.62534E-02 


9.68633E-02 


9.76064E-02 


9. 81579 E-02 


9.88333E-02 


9.95164E-03 


1.00181E-01 


1.00864B-01 


1.01563B-01 


1.02374B-01 


1.02970E-01 


1.03660E-01 


1 .04401 E-01 


0.105119 


0.105854 


0.106844 


0.107393 


0.108184 


0.108997 


0.109864 


0.110653 


0.111483 


0.113338 


0.113378 


0.114336 


0.116343 


0.116331 


0.117513 


0.118646 


0.119784 


0.131011 


0.133331 


0.133711 


0.135337 


0.136688 


0.118181 


0.139886 


0.131807 


0.133733 


0.135963 


0.138387 


0.141316 


0.144396 


0.148173 


0.153135 


0.159753 


0.170339 


0.144010 


0.144613 


0.146398 


0.145947 


0.146631 


0.147314 


0.147861 


0.148495 


0.149183 


0.149866 


0.160530 


0.151337 


0.151936 


0.163636 


0.153331 


0.154087 


0.154808 


0.165663 


0.156395 


0.157044 


0.157841 


0.158600 


0.159393 


0.160354 


0.161187 


0.163103 


0.163940 


0.163940 


0.164904 


0.165903 


0.167000 


0.168085 


0.169177 


0.170437 


0.171636 


0.173864 


0.174378 


0.175884 


0.177468 


0.179019 


0.180675 


0.183545 


0.184746 


0.187059 


0.189974 


0.193337 


0.197711 


0.303578 


0.313538 


Probmility  Points  for  n  =  40 


Probsility  Points  for  n  =  40 


5.25975E-02 


5.55133E-02 


5.75125E-02 


5.89907E-02 


6.02206E-02 


0.14191E-02 


6.2402SB-02 


6.33921B-02 


6.4247 


6.50727B-02 


6.5M04E-02 


6.666S8B-02 


6.73803E-02 


8.80568B-02 


8.87549E-02 


6.9506  IB-02 


7.01638E-02 


7.0736  5E-02 


7.13953E-02 


7.2033SE-02 


7.26430E-02 


7.32456E-02 


7.38289E-02 


7.43842E-02 


7.49302E-02 


7.56036E-02 


7.60777E-02 


7.66116E-02 


7.71500E-02 


7.76896 E-02 


7.82424E-02 


7.87783E-02 


7. 93096 E-02 


7.98395E-02 


8. 03868 E-02 


8.08821E-02 


8.14146E-02 


8.19397E-02 


8.24668E-02 


8.29778E-02 


8.34887E-02 


8.39979E-02 


8.45422E-02 


8.60811E-02 


8.56808E-02 


8.62126E-02 


8.681 29E-02 


8. 74338 E-02 


8.79878E-02 


8.85766E-02 


9.1201SE-02 


9.54467E-02 


9.79660E-02 


1.00075E-01 


1.01799 E-01 


1.03326E-01 


1.04746E-01 


0.106946 


0.107022 


0.108044 


0.109092 


0.110063 


0.110971 


0.111815 


0.112826 


0.113379 


0.114167 


0.114878 


0.116681 


0.116430 


0.117091 


0.117801 


0.118642 


0.119264 


0.119908 


0.120694 


0.121219 


0.121771 


0.122429 


0.123032 


0.123609 


.124233 


0.124874 


0.126442 


0.125998 


0.126592 


0.127191 


0.127785 


0.128338 


0.128910 


0.129480 


0.130038 


0.1306S6 


0.131229 


0.131812 


0.132419 


.133007 

o 

.97 

o 

0.133679 


.134134 


0.134709 


8.91706E-02 


S.97426E-02 


9. 03080 E-02 


9.08828B-02 


9.15022E-02 


9.20619B-02 


9. 26358 E-02 


9.32774E-02 


9.38826E-02 


9.46161  E-02 


9.51742E-02 


9.58291E-02 


9.64949E-02 


9.71694 E-02 


9.78676E-02 


9.8548 7E-02 


9.92631  E-02 


9.99826E-02 


1.00737E-01 


1.01509 Hi-01 


1.02273 E-01 


1.03032E-01 


1.03813E-01 


1.04636E-01 


0.105482 


0.106401 


0.107371 


.108308 


0.109229 


0.110260 


0.111279 


0.112369 


0.113451 


0.114694 


0.116023 


0.117374 


0.118752 


0.120266 


0.121836 


0.123610 


0.125530 


0.127692 


0.129914 


0.132450 


0.135528 


0.138845 


.143634 


0.149670 


0.159956 


0.135301 


0.136880 


0.136438 


0.137067 


0.137686 


0.138302 


0.138936 


0.139540 


0.140180 


0.140824 


0.141423 


0.142071 


0.142743 


0.143398 


0.144079 


0.144780 


0.146449 


0.146160 


0.146886 


0.147628 


.148348 


0.149073 


0.149869 


0.150697 


0.161463 


0.152339 


0.153200 


0.154097 


.154992 


0.165927 


0.156938 


0.157959 


0.158961 


0.160025 


0.161187 


0.162283 


0.163594 


0.165000 


0.166354 


0.168041 


0.169764 


0.171645 


0.173819 


0.176310 


0.178778 


0.181868 


0.185943 


0.191145 


0.199685 


T 


Probability  Point*  for  n  =  45 


Probaility  Point*  for  n  =  45 


4.994 79E-02 


5.27103E-02 


S.4447SE-03 


5.5891BE-02 


5.71224E-02 


5.8272915-02 


5.92885E-02 


6.0312 


6.10378E-02 


6.17669B-02 


6.25527E-02 


6.32949E-02 


6.39348B-03 


6.45891^02 


8.52305E-02 


6.58386E-02 


6.64196E-02 


6.69961E-02 


6.75660E-02 


6.81304 El-02 


6.86905E1-02 


6.92223E-02 


8.97435E-02 


7.02934E1-02 


7.08348E-03 


7.13578E-02 


7.19039E-02 


7. 24684 El-02 


7.29692E-02 


7. 35109 El-02 


7.40134E-02 


7.44785B-02 


7.49970E-02 


7.5503515-02 


7.60086B-02 


7.65294 El-02 


7.7050815-02 


7.75581E1-02 


7.80440G-02 


7.85635 El-02 


7.91084 El-02 


7.9638415-02 


8.01624E1-02 


8.06723E1-02 


8.1184415-02 


8.16813E1-02 


8.22702 El-02 


8.28186E1-02 


8.33566E1-02 


8.39310E1-02 


8.65671 El-02 


9.03998B-02 


9.29224B-02 


9.48549E1-02 


9.64552B-02 


9.78350E1-02 


9  92 13215-02 


1.00396 El-01 


'■Itraaf.fll 


1.02496E-01 


1.04364E1-01 


0.105229 


0.106033 


0.106772 


0.107549 


0.108268 


0.108968 


0.109634 


0.110296 


110963 


0.111577 


0.112237 


0.112874 


0.113472 


0.114103 


0.114719 


0.115285 


0.118756 


0.119326 


0.119864 


0.120452 


0.120982 


0.121526 


0.122086 


0.122624 


0.123166 


0.123705 


0.124232 


0.124853 


0.125424 


0.125965 


0.126496 


0.127044 


0.127601 


8.45066E>-03 


8.50787E-02 


8.56224E-02 


8.61459B-02 


8.66983E-02 


8.72518E-02 


8.78069E-02 


8.84496E-02 


8.90465E-02 


8.95751  B-02 


9.01682B-02 


9.07766B-02 


9.13846B-02 


9.19936B-02 


9.26671 E>-02 


9.33378E-02 


9.40188B-02 


9.47005B-02 


9.53504B-02 


9.601 78B-02 


9.68297B-02 


9.76257E-02 


9.84099E-02 


9.92224B-02 


1.0005015-01 


1.0091815-01 


1.01817E!-01 


1.02749E-01 


1 .03637E>-01 


1.04548E-01 


0.105490 


0.106551 


0.107602 


0.108849 


0.110043 


0.111251 


.112663 


0.113931 


0.115522 


0.117159 


0.119117 


0.121143 


0.123326 


.125774 


0.128573 


0.131852 


0.135584 


0.141146 


0.151557 


0.128143 


0.128700 


0.129226 


0.129761 


0.130364 


0.130933 


0.131541 


0.132128 


0.132740 


0.133334 


0.133909 


0.134554 


0.135166 


0.136793 


0.136438 


0.137109 


0.137717 


0.138367 


0.139051 


0.139742 


0.140513 


0.141178 


0.141842 


0.142591 


0.143359 


0.144133 
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Probnility  Point*  for  n  =  60 
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4. 98383 E-02 
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5. 42 739 E-02 

9.16839E-02 

5.63344E-02 

9.30830E-02 

5.62474E-02 

9.43 604 E-02 

uwnTFram 

9.66099E-02 

5.79341E-02 

9. 64879 E-02 

5.86726E-02 

9.74048E-02 
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6.01637E-02 
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6.16261E-02 

1.00740E-01 

6.20961B-02 

1.01470E-01 

8. 26798 E-02 

1.02262E-01 

6. 32608 E-02 

1.02929E-01 

6.38392E-02 

1. 03604 E-01 
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7.32781E-02 

0.114631 
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7.47525E-02 
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7.82537E-02 
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0.142628 
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0.125828 
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0.128077 
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0.129212 
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0.130434 


0.131072 


0.131736 


0.132353 


0.133031 
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0.135219 
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0.136669 


0.137433 
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0.138966 
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0.141560 


0.142501 


0.143460 


0.144466 


0.145487 


0.146660 


0.147677 


0.148869 


0.150167 


0.151704 


0.163066 


0.154742 


0.156534 


0.158580 
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.163940 


0.167313 
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Probability  Point*  of  Reflected  CM  ' 
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4.43938E-02 


4.5321 5E-02 
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4.72593E-02 
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n=  25 
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4.63045E-02 
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4.97396 
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7.51600 E-02 
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8.11374E-02 
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8.94693E-02 

9.01711B-02 

1.03407E-01 
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6.64607E-02 
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6. 03 780 E-02 


6.16S71E-02 


6.41413E-02 
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Probability  Point*  of  Reflected  CM  ‘ 
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Appendix  D.  Power  tables  of  CM  —  V 


This  appendix  includes  the  complete  results  of  CM  —  V  Tequential  Test.  The 
tables  includes  the  power  levels  of  the  test  against  the  Cauchy,  Normal,  Exponential, 
Beta,  Gamma  and  Weibull  respectively.  For  each  alternative  sample  sizes  n5(5),  50  is 
covered.  After  the  tables  for  each  alternative  distributions  the  corresponding  power 
graphs  are  presented.  In  the  graphs  “o”  represents  the  power  level  of  V  test  and 
represents  the  power  level  of  CM  test.  The  straight  line  represents  the  power 
of  CM  —  V  sequential  test. 
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Table  D.l  Power  tables  of  CM  —  V  against  Cauchy  ditribution 


Powers  of  Chi  —  V  SeqseitUl  teat  agaiaat  Caacky  for 
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Table  D.l  (Coatlaaed) 
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Table  D.l  (Coatinaed) 
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j  Powcm  of  CM  —  V  Seqaeatial  ten  agaiast  Normal  for  m  =  ft  | 
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Table  D.2  Power  tables  of  CM  —  V  against  Normal  ditribution 


>.3  (Coatiaaed) 
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Table  D.3  (CoalUmed) 
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Table  D.2  (Coatiaaed) 
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Power  of  CM-V  against  NORMAL  for  n=5 


Power  of  CM-V  against  NORMAL  for  n=10 


0.1  0.2  0.3 

Significance  Levels 


Figure  D.l  (Continued) 


Power  Power 


Figure  D.l  (Continued) 
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Table  D.3  Power  tables  of  CM  —  V  against  Exponential  ditribution 
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Table  D.3  (Co»ti»»ed) 
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Table  D.3  (Conliaaed) 


Power  of  CM-V  against  EXP  for  n=5 


Power  of  CM-V  against  EXP  for  n=10 


Power  of  CM-V  against  EXP  for  n=15 


Power  of  CM-V  against  EXP  for  n=20 


Power  Power 


Power  of  CM- V  against  EXP  for  n=30  Power  of  CM-V  against  EXP  for  n=35 


Power  of  CM-V  against  EXP  for  n=40 


Power  of  CM-V  against  EXP  for  n=45 


Figure  D.2  (Continued) 
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|  Powers  of  CM  —  V  Sequeati&l  teat  against  Beta  for  is  =  6  | 
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Table  D.4  Power  tables  of  CM  —  V  against  Beta  ditribution 


Powers  of  CM 
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Table  D.4  (Coatiamed) 


Powers  of  CM 


(paaiiiioa)  »-a  »iq»x 


Powers  of  CM  —  V  Seqaeatial  test  agaiaat  Bet*  for 


Table  D.4  (CoatUmed) 
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Power  of  CM-V  against  BETA  for  n=25 
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Power  Power 


Rower  of  CM-V  against  BETA  for  n=5  Power  of  CM-V  against  BETA  for  n=10 


Significance  Levels  Significance  Levels 


Power  of  CM-V  against  BETA  for  n=15  Power  of  CM-V  against  BETA  for  n=20 


Significance  Levels  Significance  Levels 


Figure  D.3  (Continued) 
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Power  Power 


Figure  D.3  (Continued) 


j  Power*  of  CM  —  V  Seqmemtifcl  test  ^dut  Gimmi  for  m  =  6  | 

0.01  I  0.02  I  0.03  I  0.04  I  0.06  |  0.06  I  O.OT  |  0.06  |  0.09  I  oTTo-!  oTITl  0.12  I  0.13  [  0.14  |  0.16  I  0.16  I  0.1T  I  0.16  I  0.19  [  0.20 
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Table  D.5  Power  tables  of  CM  —  V  against  Gamma  ditribution 
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Table  D.ft  (Comtiavcd) 


Powers  of  CM 
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Table  D.5  (Comtimmed) 


|  Power*  of  CM  —  V  Scqmcatial  test  agaiaet  G>na>  for  m  s  3ft  | 
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Table  D.5  (Coatlaaed) 


Powers  of  CM 
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Table  D.5  (Comtimaed) 


Power  Power 


Power  Power 


Figure  D.4  (Continued) 
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[  Power*  of  CM  —  V  Seqmcmtial  teat  mint  Wcibmll  fox  »  ss  16  | 
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Table  D.6  (Coatlaaed) 
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Table  D.6  (Coatiaaed) 


Power  Power 


Figure  D.5  (Continued) 


Power  Power 


Figure  D.5  (Continued) 


Appendix  E.  Power  tables  of  CM  {Ref)  —  V 

This  appendix  include  the  complete  power  results  of  the  CM(Ref)  —  V  Se¬ 
quential  Test.  The  results  are  presented  as  tables  and  garphs  for  each  alternative 
distribution.  On  the  graphs  represents  the  power  level  of  the  CM(Ref)  test  and 
straight  line  represents  the  power  of  CM(Ref)  —  V  sequential  test,  “o”  again 
represents  the  power  of  the  V  test. 
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Power  Power 


Power  of  CM(Ref)-V  against  NORMAL  for  n=25 
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Power  Power 


Power  of  CM(Ref)-V  against  NORMAL  for  n=5 


Significance  Levels 


Power  of  CM(Ref)-V  against  NORMAL  for  n=10 
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Figure  E.l  (Continued) 
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Power  Power 


Power  of  CM(Ref)-V  against  NORMAL  for  n=30  Power  of  CM(Ref)-V  against  NORMAL  for  n=35 


Power  of  CM(Ref)-V  against  NORMAL  for  n=40  Power  of  CM(Ref)-V  against  NORMAL  for  n=45 


Figure  E.l  (Continued) 
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Table  E.2  Power  tables  of  CM(Ref)  —  V  against  Exponential  ditribution 


[  Power*  of  CAi(Ref)  —  V  Seqeeatisl  test  egaiaat  Bxpoacatial  fox  is  =  16  j 
0.01  I  0.02  I  0.03  I  0.04  I  0.05  I  0.05  I  0.07  I  0.05  I  0.0B  |  0.10  I  0.11  I  0.13  I  0.13  I  0041  0.15  I  0.16  1  0.17  I  0.16 
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Table  B.3  (C< 


j  Power!  of  CM(Ref)  —  V  Sequential  test  againt  Bxpoaeatial  for  n  s=  36  j 

o.oi  I  57551  oToFI  57531  0.05  |  57531  57551  0.01  I  0.0s  I  57151  57551  57151  57131  57131  57131  575*1  oTTFI  575*1  57551  5755 


Table  B.3  (Continued) 


Power  of  CM(Ref)-V  against  EXP  for  n=5 


Power  of  CM(Ref)-V  against  EXP  for  n=15 


Figure  E.2  (Continued) 


Power  Power 


Power  of  CM(Ref)-V  against  EXP  for  n=10 


Power  of  CM(Ref)-V  against  EXP  for  n=20 
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Table  E.3  Power  tables  of  CM(Ref)  -  V  against  Beta  ditribution 
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Table  B.4  (Co&timmed) 


^Powers  of  CM(Ref)  —  V  SeqmeatUl  tot  *g*ia»t  Bet*  for  ms  Sftj 

0.01  I  0.00  I  0.03  I  0.04  I  0.05  I  0.08  I  0.0 T  I  0.01  I  0.00  I  0T1O  1  0.11  I  0.12  I  0.13  I  oTuT  0.13  I  0.10  I  0.1T  I  O.uTI  0.10  I  0.20 
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Powers  of  CM(Rcf)  -  V  Seqmeatial  lest  afaimst  Beta  for  *  =  «& 
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Table  B.4  (Comtiamed) 


Power  Power 


Power  of  CM(Ref)-V  against  BETA  for  n=25 


E-23 


Power  of  CM(Ref)-V  against  BETA  for  n=40 


Significance  Levels 


Figure  E.3 


Power  Power 


Power  of  CM(Ref)-V  against  BETA  for  n=35 


Significance  Levels 


Power  of  CM(Ref)-V  against  BETA  for  n=45 
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Table  E.4  Power  tables  of  CM(Ref)  —  V  against  Gamma  ditribution 


I. Powers  of  CAt(Ref)  —  V  Sequential  test  against  Gsams  for  m  =  15  | 

o^TI  oToTI  o7o3~I  (Toil  oToT]  031  071  05]  o.oa  I  o.io  I  0.11  [  051  031  07]  031  03 1  Or]  OF]  051  535 
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Table  B.ft  (Contiaaed) 


I  Powers  of  CM(Ref)  —  V  Seqmeatial  test  agaiast  Gamma  for  a  =  26  j 

o.oi  I  0T0TI  oToT]  071  0.05  |  oToTl  (Tori  o.o>  |  o.oo  I  oTTo-!  5371  5331  oTTl  oTTi-]  o.it  [  o.ie  |  Or!  o.u  I  o.i*  I  535 
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Table  B.fi  (Coatiaaed) 
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Table  B.fi  (Costiamed) 


|  Powers  of  CM(Ref)  —  V  Seqaemtial  test  afaimst  Gamma  for  m  =  45  | 

o.oi  |  0.02  ]  0.03 1  Oil  0.05 1  o.o5 1  Of!  Oil  o.oo  l  o.io  |  o.ii  |  o.i2 1  oTtsl  o.i«  |  051  oTTil  Or!  o.u  I  o.i» 
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Table  B.fi  (Coatimaed) 


Power  Power 


Power  Power 


Power  of  CM(Ref)-V  against  GAMMA  for  n=5  Power  of  CM(Ref)-V  against  GAMMA  for  n=10 


Significance  Levels  Significance  Levels 

Power  of  CM(Ref)'V  against  GAMMA  for  n=15  Power  of  CM(Ref)-V  against  GAMMA  for  n=20 


Significance  Levels  Significance  Levels 


Figure  E.4  (Continued) 


E-32 


Power  of  CM(Ref)-V  against  GAMMA  for  n=30 


Power  of  CM(Ref)-V  against  GAMMA  for  n=35 


Power  of  CM(Ref)- V  against  GAMMA  for  n=40 


Power  of  CM(Ref)-V  against  GAMMA  for  n=45 
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Table  E.5  Power  tables  of  CM  (Ref)  —  V  against  Weibull  ditribution 


Powers  of  CJU(FUf)  —  V  Scqmeatlal  test  sfiisit  Weiball  for  w  =  16  J 

o.oi  i  o.o3 !  o.o3 1  on  on  on  on  on  o.o«  i  on  on  on  on  on  on  on  on  on  os  i  os 
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Table  B.6  (C< 
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Power  of  CM(Ref)-V  against  WEIBULL  for  n=25 
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Figure  E.5  Power  comparisons  of  CM(Ref)  —  V  against  Weibull 


Power  of  CM(Ref)-V  against  WEBBULL  for  n=40 


Power  of  CM(ReO-V  against  WFJBULL  for  n=45 


Appendix  F.  Power  tables  of  KS  —  V 


This  appendix  includes  the  power  results  of  KS  —  V  Sequential  Test  in  the 
same  manner  described  in  the  last  two  appendices.  On  the  graphs,  represents  the 
power  of  the  KS  test  while  represents  the  power  level  of  the  KS  —  V  sequential 
test,  “o”  represents  the  power  of  the  V  test. 
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Table  F.l  Power  tables  of  K S  —  V  against  Normal  ditribution 


Powers  of  KS 
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(p»»*I*«°0)  t  d  »tq*i 


Powers  of  KS  -  V  Scqaeatial  test  s(«isst  Normal  for 


I  Powers  of  KS  —  V  ScqMKti*]  teat  Normal  for  n  as  35  | 

o.oi  |  oToTl  oToTl  57571  0.05 1  o755"l  oToFI  o.o«  I  o.o«  |  57551  oTTTl  575T1  57571  57571  0.15  I  07171  57571  57571  57571  5755 
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Table  P.2  (Coatimaed) 
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Figure  F.l  Power  comparisons  of  KS  —  V  against  Normal 


Power  of  KS-V  against  NORMAL  for  n=5 


Power  of  KS-V  against  NORMAL  for  n=10 


Power  of  KS-V  against  NORMAL  for  n=15 


Power  of  KS-V  against  NORMAL  for  n=20 


Power  of  KS-V  against  NORMAL  for  n=30 


Power  of  KS-V  against  NORMAL  for  n=35 


Power  of  KS-V  against  NORMAL  for  n=40 


Power  of  KS-V  against  NORMAL  for  n=45 
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Tftblc  F.3  (Co»ti»»ed) 


I  Powen  of  K S  —  V  Scqici>i*l  tot  afaia»t  BxpoacatUl  for  m  =  36  | 

oToTT  37571  0.03  I  0.04  |  oToTl  o.o«  I  oToTl  o.ot  I  0.0#  j  0.10  |  0.11  I  0.12  I  0.13 1  0.14  1  o.u  I  o.w  I  o.ir  |  0.1*  I  o.i»  I  05 
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Tabic  P.3  (Coatiaaed) 


|  pow<r>  of  KS  -  V  Seqmcatial  tcif  >|aiait  Bxpoeeatial  for  n  =  36  J 

0.01  I  0702  I  0.03  |  oToT]  0.05  I  0.06  1  0.07  I  0.06  I  0.09  I  0.10  1  oTT]  0.12  I  o.lil  0.14  I  0-1&  I  0.16  I  0.17  |  O.ltl  0.19  I  0.20 
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Power  Power 


Power  of  KS-V  against  EXPONENTIAL  for  n=25 


Power  of  KS-V  agamsl  EXPONENTIAL  forn=50 
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Figure  F.2  (Continued) 
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Table  F.3  Power  tables  of  K S  —  V  against  Beta  ditribution 
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Table  P.4  (Coitlned) 


Powers  of  KS 
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Table  P.4  (Coatiaaed) 


pro  I  to  I  tro  1  ai*o  I  pro  I  oro  I  »ro  1  cro  I  cvo  I  iro  1  oro  1 60-0  I  to‘o  I  i<ro  I  wo  I  wo  I  »<ro  I  coo  1  co’o  I  io'o 

j  SC  =  «  >0|  lua  «•«!*>*  |1»|  n;iomb>s  A  ~  SX  1°  »m»oj  I 


F-21 


Table  P.4  (Coaiiaaed) 
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Power  Power 


Power  of  KS-V  against  BETA  for  n=5  Power  of  KS-V  against  BETA  for  n=10 


Significance  Levels  Significance  Levels 


Power  of  KS-V  against  BETA  for  n=15  Power  of  KS-V  against  BETA  for  n=20 


Significance  Levels  Significance  Levels 


Figure  F.3  (Continued) 
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Powers  o{  K  S 


F-29 


Table  P.6  (Coatimmed) 


Table  P.5  (Comtiamed) 


Power 


Power  of  KS- V  against  GAMMA  for  n=15 


Power  of  KS-V  against  GAMMA  for  n=20 


Power  of  KS-V  against  GAMMA  for  n=40 


Power  of  KS-V  against  GAMMA  for  n=45 
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Table  F.5  Power  tables  of  KS  —  V  against  Weibull  ditribution 


pro  I  aro  1  tro  1  zro  l  »ro  I  9vo  1  fro  I  cro  I  cro  I  tro  I  oro  I  eo^o  I  to’o  I  iomo  I  90‘0  I  scro  I  hto  I  c<ro  1  ccro  I  io'o 

I  St  =  *  io»  tl*<l!»M  A  -  SX  jo  ««*Od  I 


F-35 


Table  P.6  (Coatiaaed) 


|  Powcn  of  KS-  V  SeqmcmtUl  lot  Weiball  for  n  =  26  | 

o.oi  1  OF]  OF]  (Toil  FoF|  OF]  071  OF|  (Toil  o7IF|  0.11  I  o.n  [  OF!  OF!  OF]  OF|  OF|  05 1  OF]  05 
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Table  P.6  (COBtieied) 


|  Power*  of  KS  —  V  Scqaeatlal  Uit  agalaet  Weibmli  for  n  =  35  j 

0.01  I  0.02  I  0.03  I  0.04  ]  0.05  |  0.05  I  0.07  I  0.01  1  0.09  I  6.10  F  0.11  ]  675T1  olTl  0.14  I  0.15  I  0.14  I  0.17  |  o7It~|  0.19  I  6720 


F-37 


Table  P.6  (Coatiaaed) 


Powers  o S  KS 
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Table  P.6  (Coatimaed) 


Power  of  KS-V  against  WEIBULL  for  n=30 


Power  of  KS-V  against  WEIBULL  for  n=35 


Power  of  KS-V  against  WEIBULL  for  n=40 


Power  of  KS-V  against  WEIBULL  for  n=45 
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